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ZHHNVSRVWSDUWXPWRGHWHUPLQHWKHUHODWLYHDEXQGDQFHRIGLIIHUHQWVSHFLHVRIUXPLQDO
PLFURRUJDQLVPV7KHSUHSDUWXPGLHWZDVEDVHGRQFRUQVLODJH,QWKHSRVWSDUWXPGLHW
LQFOXGHGJURXQGFRUQJUDLQE\SURGXFWVDQGDOIDOIDKD\ODJH5XPLQDOGLJHVWDZHUH
FROOHFWHGDWILYHWLPHVDQGGD\VDURXQGSDUWXULWLRQ7RWDO'1$IURP
UXPLQDOGLJHVWDZDVLVRODWHGDQGUHDOWLPHTXDQWLWDWLYH3&5ZDVXVHGWRGHWHUPLQHWKH
UHODWLYHDEXQGDQFHRIEDFWHULDOVSHFLHV(XEDFWHULXPUXPLQDQWLXPDQG6HOHQRPRQDV
UXPLQDQWLXPZHUHQRWDIIHFWHGE\WLPH3!0HJDVSKDHUDHOVGHQLLDQG3UHYRWHOOD
EU\DQWLLLQFUHDVHGVLJQLILFDQWO\SRVWSDUWXP3&RQYHUVHO\%XW\ULYLEULR
SURWHRFODVWLFXVGHFUHDVHGJUDGXDOO\IURPWKURXJKGD\V3)LEUREDFWHU
VXFFLQRJHQHVZDVDIIHFWHGE\WLPHEHLQJORZHVWDWGD\3 ZKLOH$QDHURYLEULR
OLSRO\WLFDUHFRUGHGWKHORZHVWDEXQGDQFHDWGIROORZHGE\DQLQFUHDVHE\GD\V
SRVWSDUWXP32YHUDOOWKHVHUHVXOWVLQGLFDWHWKDWFKDQJHVLQGLHWDIWHUSDUWXULWLRQ
DIIHFWWKHDEXQGDQFHRIUXPLQDOEDFWHULDSDUWLFXODUO\0HOVGHQLLDODFWDWHXWLOL]LQJ
EDFWHULDDQG3EU\DQWLLDVWDUFKGHJUDGLQJEDFWHULDZKLFKLQFUHDVHGPDUNHGO\DIWHU
SDUWXULWLRQOLNHO\DVDFRQVHTXHQFHRIDKLJKHUFRQFHQWUDWHLQWDNH,QWHUPVRIPLON
SURGXFWLRQWKHUHZDVDUHODWLYHGHFUHDVHLQWKHERG\ZHLJKWRIGDLU\FRZV7KHPLON\LHOG
LQFUHDVHGFRQVLGHUDEO\XSWRWKHIRXUWKZHHNZKLOHWKHSHUFHQWDJHRIIDWZDVUHGXFHG
FRQVLGHUDEO\
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$$ $PLQR$FLGV
%&6 %RG\&RQGLWLRQ6FRUH
%5 EDVDO5DWLRQ
%: %RG\:HLJKW
&+2 &DUERK\GUDWH
&7 7KUHVKROG&\FOH
') 'LVRGLXP)XPDUDWH
')0 'LUHFW)HG0LFURELDO
'0 'U\0DWWHU
'0, 'U\0DWWHU,QWDNH
'1$ 'HR[\ULERQXFOHLF$FLG
(% ([WUDFWLRQ%XIIHU
('7$ (WK\OHQHGLDPLQHWHWUDDFHWLF$FLG
+ +ROVWHLQ
. .HWRVLV
1(% 1HJDWLYH(QHUJ\%DVH
1)& 1RQ)LEHU&DUERK\GUDWH
3&5 3RO\PHUDVH&KDLQ5HDFWLRQ
5/ 5HWLFXOR/XPHQ
6$5$ 6XEDFXWH5XPLQDO$FLGRVLV
6'6 6RGLXP'RGHF\O6XOIDWH
7& 7UDQVLWLRQ&RZV
7( 7ULV('7$%XIIHU
705 7RWDO0L[HG5DWLRQ
75)/3 7HUPLQDO5HVWULFWLRQ)UDJPHQW/HQJWK3RO\PRUSKLVP
76 7HD6DSRQLQV
9)$ 9RODWLOH)DWW\$FLG
ϭ

,1752'8&7,21
7KHWUDQVLWLRQSKDVHLVWKHPRVWFUXFLDOSHULRGLQDGDLU\FRZ¶VKHDOWKDQG
SURGXFWLYLW\+RZHYHUGDLU\FRZVH[SHULHQFHDORWRIKRUPRQDOPHWDEROLFDVZHOODV
GLHWDU\FKDQJHVGXULQJWKHWUDQVLWLRQSHULRG$VDUHVXOWWKLVSKDVHUHTXLUHVDORWRI
SUHSDUDWLRQDQGFDUHZLWKUHJDUGWRPDQDJLQJGDLU\FRZV*UXPPHU7KLVLV
DWWULEXWHGWRWKHIDFWWKDWPRVWGDLU\FDWWOHDFTXLUHGLVHDVHVGXULQJWKLVSHULRG7KLVLV
RIWHQDVDUHVXOWRILQFUHDVHGSHULRGVRI1HJDWLYH(QHUJ\%DVH1(%,QWU\LQJWRUHGXFH
1(%LWLVFUXFLDOWRVWDUWIHHGLQJGDLU\FRZVZLWKHQHUJ\GHQVHGLHWVWKUHHZHHNVSULRUWR
GHOLYHU\,VKOHU+RZHYHUWKLVSURFHVVPD\UHVXOWLQWKHRYHUFRQVXPSWLRQRI
HQHUJ\DQGHQKDQFHWKHULVNRIPHWDEROLFDLOPHQWSRVWSDUWXP3UHSDUWXPDVZHOODV
SRVWSDUWXPLQWDNHVVXJJHVWWKDWHQKDQFHGQXWULHQWGHQVLW\RISUHSDUWXPIHHGVFRXOG
HQKDQFH'U\0DWWHU,QWDNH'0,DQGUHGXFH1(%SRVWSDUWXP$VDUHVXOWWKHKHDOWK
DQGSURGXFWLYLW\RIGDLU\FDWWOHLQWKHWUDQVLWLRQSHULRGLVGLUHFWO\DIIHFWHGRQE\QXWULWLRQ
SHUIRUPDQFHGXULQJWKHLQLWLDOGD\VRIODFWDWLRQ7KHWUDQVLWLRQSHULRGPDUNVDFUXFLDO
SKDVHIURPODWHSUHJQDQF\DQGWKHLQLWLDOODFWDWLRQGD\V%HQDEXFFL6LQFHWKH
WUDQVLWLRQSKDVHLVWKHPRVWFUXFLDOSHULRGLQDGDLU\FRZ¶VKHDOWKDQGSURGXFWLYLW\LWLV
FUXFLDOWRFRQVLGHUDOODVSHFWVLQUHODWLRQWRDFRZ¶VGLHWDU\QHHGVWRHOLPLQDWH1(%
*UXPPHU7KLVZLOODOORZWKHFRZWRVWD\KHDOWK\LQDSHULRGRIPDQ\KRUPRQDO
FKDQJHV$FFRUGLQJWR(UGPDQWKHVHSUHFDXWLRQDU\SUHSDUDWLRQVZLOOWDNHLQWR
FRQVLGHUDWLRQWKHFKDQJHVWKDWRFFXUWRUXPLQDOEDFWHULDSRSXODWLRQVWKDWDUHFULWLFDOLQ
PDLQWDLQLQJWKHUXPHQRIWKHGDLU\FRZKHDOWK\:LWKRXWDKHDOWK\DQGIXQFWLRQLQJ
UXPHQWKHGDLU\LVERXQGWRKDYHDORWRIKHDOWKSUREOHPVZKLFKZLOOHYHQWXDOO\LPSDFW
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WKHFRZ¶VPLONSURGXFWLRQ:KHQWKHFRZ¶VSURGXFWLYLW\JRHVGRZQWKHQKHUSURILWDELOLW\
DOVRGHFUHDVHV(UGPDQ	0RUHODQG$QGHUVRQ6HKHVWHG	,QJYDUWVHQ
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
 
ϯ

&+$37(5,/,7(5$785(5(9,(:
7KHSHULSDUWDOSHULRG
&XVWRPDULO\WKHPDQDJHPHQWRIFRZVWKDWDUHQRWODFWDWLQJLVE\QHJOHFW5RFKH
6XEVWDQGDUGFDUHDQGIHHGVFDQGHFUHDVHWKHTXDQWLWLHVRIPLONWKDWWKHFRZVJLYH
DQGLQFUHDVHWKHSUHYDOHQFHRIKHDOWKUHODWHGGLVRUGHUVLQWKHP'U\SHULRGVDUH
FRPPRQO\W\SLILHGDVGXUDWLRQVZKHQWKHFRZVKDYHPLQLPXPQXWULWLRQDOQHHGV6XFK
FKDUDFWHUL]DWLRQSUHVHQWVDQHUURQHRXVQRWLRQUHJDUGLQJWKHSHULRG¶VVLJQLILFDQFHLQ
UHODWLRQWRWKHFRZV¶SURVSHFWLYHSURGXFWLRQDQGKHDOWK,QDVWXG\E\5RFKH'DOOH\
0RDWH*UDLQJHU2¶0DUDDQG5DWKLWLVKHOGWKDWDFRZ¶VWUDQVLWLRQSHULRGLVWKH
WLPHLQWHUYDOEHWZHHQGD\VSULRUWRFDOYLQJDQGGD\VDIWHUWKHFDOYLQJGDWH'XULQJ
WKHSHULRGWKHFRZ¶VSULRULW\ZLWKUHJDUGWRQXWULHQWVDGMXVWWRFRQGLWLRQVFRUHORVVIURP
FRQGLWLRQVFRUHJDLQ1XWULWLRQUHODWHGUHTXLUHPHQWVRIWKHFRZJRXSZLWKJURZLQJIHWDO
GHPDQGVDORQJZLWKLQFUHDVLQJDFWLYLW\LQLWVPDPPDU\JODQGV5RFKH'DOOH\0RDWH
*UDLQJHU2¶0DUD	5DWK,QFUHDVLQJDPRXQWVRIQXWULHQWVDUHQHFHVVDU\IRU
VXSSRUWLQJWKHFRQWLQXLQJPDLQWHQDQFHDQGJURZWKRIWKHJODQGVIHWXVXWHUXVDVZHOODV
SODFHQWD5RFKH
7KHSURGXFWLYLW\RIFRZVLQWKHSHULRGLVGLUHFWO\LPSDFWHGRQE\QXWULWLRQ
SHUIRUPDQFHGXULQJHDUO\GD\VRIODFWDWLRQDQGDQ\H[WDQWPHWDEROLVPUHODWHGGLVRUGHUV
9DQ6DXQDGYLVHVWKDWRSWLPL]LQJWKHFDUHJLYHQWRWKHFRZVGXULQJWKHSHULRG
RFFDVLRQVLQFUHDVHGDQGVXVWDLQHGSURGXFWLYLW\DQGRXWFRPHVUHJDUGLQJEUHHGLQJSHQV
DQGKHDOWK'XULQJWKHGD\SUHSDUWXPSHULRGWKHFRZV¶'0,'U\0DWWHU,QWDNHPD\
JRGRZQE\DOPRVWDWKLUG2YHUWRQ	%RRPHU,IDFRZJRHVRIIIHHGLQJEHIRUHLW
FDOYHVLWEHFRPHVKLJKO\VXVFHSWLEOHWRGHYHORSLQJPHWDEROLVPUHODWHGGLVRUGHUV6XFK
GLVRUGHUVVWXQWWKHLUSHUIRUPDQFHLQWKHFRXUVHRIWKHHDUO\GD\VRIODFWDWLRQDQG
ϰ

DGYHUVHO\LPSDFWVRQWKHLUUHSURGXFWLRQDQGSURGXFWLRQFDSDFLWLHVZKHQODFWDWLQJ
2YHUWRQDQG%RRPHUDGYLVHWKDWEHIRUHFDOYLQJWKHFRZVVKRXOGEHUHORFDWHGLQWR
SHQVWKDWKDYHQRWEHHQXWLOL]HGEHIRUH7KLVHQDEOHVIDUPHUVWRPDNHRXWWKHRQHVWKDW
ZLOOFDOYHDQGWKHRQHVWKDWZLOOEHFRPHRIIIHHG1RWDEO\FRZVWKDWDUHPRYHGWRQHZ
DQLPDOSHQVPD\FRQVXPHOHVVIHHGZKHQWKHWUDQVLWLRQLVXQGHUZD\/HQJWK\WLPHVFDQ
EHH[SHQGHGLQUHFRQILJXULQJWKHKLHUDUFKLHVRIWKHDQLPDOV'XULQJWKHWUDQVLWLRQWKH
FRZV¶UXPHQVXQGHUJRVLJQLILFDQWFKDQJHVDVWKHFRZVWUDQVLWLRQIURPIHHGVWKDWDUHKLJK
LQIRUDJHEXWORZLQHQHUJ\WRIHHGVWKDWDUHKLJKLQHQHUJ\EXWORZLQIRUDJH7KH
FKDQJHVLPSDFWGLUHFWO\RQSRSXODWLRQVRIPLFURELDOVLQWKHUXPHQV&RQVHTXHQWO\LWLV
FULWLFDOWKDWWKHUXPHQVDUHUHDGLHGIRUWKRVHFKDQJHVLQUDWLRQV2YHUWRQ	%RRPHU
YDQ6DXQ
$FFRUGLQJWR)RUPLJRQLDQG7UHYLVLWKHGXUDWLRQDQGLQWHQVLW\RIGHILFLW
RIHQHUJ\LQWUDQVLWLRQFRZV7&DUHERWKLQYHUVHO\OLQNHGWRWKHLULQGLFHVRISURGXFWLRQ
,IWKHGHILFLWLVVHULRXVLWVXSSUHVVHVJRQDGRWURSKLQV¶VHFUHWLRQOHYHOVRILQVXOLQLQWKH
FRZV¶SODVPDDQGSURJHVWHURQH¶VVHFUHWLRQ&RZVZLWKVXSSUHVVHGVHFUHWLRQRI
SURJHVWHURQHKDYHKLJKSUREDELOLWLHVRIIHWDODERUWLRQV'LHWLPSDFWVRQWKHLUIHUWLOLW\LQD
QXPEHURIZD\V7RRPXFKSURWHLQVZKLFKDUHGHJUDGDEOHLQWKHUXPHQRFFDVLRQ
EDODQFHVRIHQHUJ\WKDWDUHQHJDWLYHDQGWKDWDGYHUVHO\LPSDFWRQWKHFRZV¶UHSURGXFWLYH
SURFHVVHV)RUPLJRQL	7UHYLVL$QH[WHQVLYHVHDUFKIRUUHOHYDQWUHVHDUFKHVOHQGV
VXSSRUWWRWKHFRQFOXVLRQGUDZQE\&KHQ3HQQHU/L2EDDQG*XDQWKDWWKH
SUHVHQWDSSUHFLDWLRQRIFRPPXQLWLHVRIHSLPXUDOEDFWHULDLQ7&DQGRWKHUDQLPDOVLV
OLPLWHG7KHEDFWHULDDUHDVVRFLDWHGZLWKWKHHSLWKHOLDOWLVVXHVRIUXPHQV&KHQ3HQQHU
/L2ED	*XDQ
ϱ

7KHVWXG\E\&KHQ3HQQHU/L2EDDQG*XDQSURYLGHVDPSOHLQVLJKWVLQWR
ZKHWKHUWKHLQIOXHQFHVWKDWGLHWKDVRQ7&¶HVSHFLDOO\LQUHODWLRQWRHSLPXUDOEDFWHULD¶V
GLYHUVLW\LQWKHLUUXPHQ7KH\FKDUDFWHUL]HWKHGLYHUVLW\DQGDSSUR[LPDWHWKHHQWLUH
SRSXODWLRQRIWKHEDFWHULDQXPEHURI6U51$JHQHFRSLHV'XULQJWUDQVLWLRQRIGLHW
ZKLFKLVUDSLGWKHGLYHUVLW\FKDQJHVLQ5DSLG*UDLQ$GDSWDWLRQ5*$KHLIHUVEXW
UHPDLQVXQFKDQJHGLQWKHFRQWURORQHV&KHQ3HQQHU/L2ED	*XDQ2YHUWRQ
DQG:DOGURQGHWHUPLQHWKDWGDLU\7&XQGHUJRPDUNHGPHWDEROLVPUHODWHG
DGDSWDWLRQVLQIDWW\DFLGVDOWDQGJOXFRVHPHWDEROLVPLQVXSSRUWLQJODFWDWLRQDVZHOODV
DYRLGLQJUHODWHGG\VIXQFWLRQV'XULQJWKHWUDQVLWLRQWKHPDQDJHPHQWRIWKH7&¶QXWULWLRQ
LVJHDUHGWRZDUGVVXSSRUWLQJWKHDGDSWDWLRQV2YHUWRQDQG:DOGURQLQGLFDWHWKDW
FRQVLGHUDEOHUHVHDUFKKDVEHHQH[HFXWHGUHJDUGLQJWKHDGDSWDWLRQVDQGWKHVWUDWHJLHVWKDW
VKRXOGDGRSWHGLQWKHPDQDJHPHQW7KHUHLVJURZLQJVXSSRUWIRUWZRJURXSVWUDWHJLHVIRU
PDQDJLQJWKHQXWULWLRQLQWKHFDVHRIGU\FRZV7KLVLVWRUHGXFHQXWULHQWV¶RYHUIHHGLQJLQ
HDUO\GD\VRIWKHGU\GXUDWLRQDQGLQFUHDVHWKHVXSSO\RIQXWULHQWVWRVXSSRUWPHWDEROLVP
UHODWHGDGMXVWPHQWVWRODFWDWLRQLQWKHODWWHUGD\VRIWKHGXUDWLRQ2YHUWRQ	:DOGURQ

 ,QWKHSUHSDUWXPSKDVHLQFUHDVHGHQHUJ\VXSSOLHVYLDFDUERK\GUDWHVJLYHULVHWR
HQKDQFHG7&¶PHWDEROLVPDVZHOODVSHUIRUPDQFH(YHQWKHQUHFHQWVWXGLHVVKRZWKDW
WKHPDNHXSRIWKHFDUERK\GUDWHLVRIORZHUDOPRVWLQVLJQLILFDQWLPSRUWDQFH)HHGLQJ7&
GLHWDU\VRXUFHVRIIDWRUOHVVHQLQJWKHHQHUJ\WKDWWKH\H[SHQGWKURXJKIHHGLQJWKHP
SDUWLFXODUIDWW\DFLGVWROHVVHQWKHRXWSXWRIIDWLQPLONLQWKHHDUO\GD\VRIODFWDWLRQ
UHVXOWVLQQLOFKDQJHVLQWKHUHOHDVHRIWKHDGLSRVHOD\HUIDWW\DFLGVWKDWDUHQRWHVWHULILHG
5HFHQWUHVHDUFKHVWKDWDUHUHYLHZHGE\2YHUWRQDQG:DOGURQVKRZWKDWWKHUHDUH
ϲ

SUREDEOHSK\VLRORJLFDOFRQQHFWLRQVEHWZHHQWKHSUHVHQFHRIGHULYHGPHWDEROLVPUHODWHG
GLVRUGHUVLQ7&DQGLQFLGHQFHRISULPDU\GLVHDVHVWKDWDUHLQIHFWLRXVDPRQJWKHP-RXDQ\
VXEPLWVWKDWWKHGHILFLWVLQLQWDNHRIHQHUJ\DPRQJ7&PHDQVWKDWWKHRQHVZLWK
KLJKSURGXFWLYLW\KDYHQHHGRIUDWLRQVWKDWDUHGHQVHLQHQHUJ\7&¶UXPHQEDVHG
PLFUREHVIHUPHQWGLHWVWKDWDUHULFKLQVWDUFKUHVXOWLQJLQKLJK9)$V¶9RODWLOH)DWW\
$FLGJHQHUDWLRQORZHUS+LQDGGLWLRQWRODFWLFDFLGDFFXPXODWLRQ7KHDFLGVSHHGVXS
WKHS+¶VGHFOLQH)XUWKHUPRUHLWFRPPRQO\UHVXOWVLQUXPHQDFLGRVLVLQ7&-RXDQ\

 7KHDFLGRVLVFDXVHVWKHPDOIXQFWLRQLQJRI7&¶UXPHQVLPSDFWVRQUXPHQEDVHG
PLFUREHVDQGPDNHVGLJHVWLRQLQHIIHFWLYHWKXVUHGXFLQJWKH7&¶LQWDNHRIIHHGDQG
KHLJKWHQLQJWKHGHILFLW7KHPDQDJHPHQWRIGLHWLVWKHSULQFLSDOZD\RIOLPLWLQJWKH
DFLGRVLV¶ULVN7&¶RXJKWWREHLQFUHPHQWDOO\IHGRQJUDLQLQJUHGLHQWVGXULQJWKHSUH
FDOYLQJWUDQVLWLRQLQWHUYDO'XULQJWKHLQWHUYDO7&VKRXOGEHIHGRQDGHTXDWHILEHUIRU
SXUSRVHVRIVWLPXODWLQJVDOLYDWLRQDORQJZLWKUXPLQDWLRQ6WDUFKZKRVHGHJUDGDELOLW\LV
ORZVKRXOGEHSULYLOHJHG6RPHFKHPLFDOVFDQEHDGGHGWRIHHGWRVWHPWKHRFFXUUHQFH
RIDFLGRVLV6XFKFKHPLFDOVLQFOXGHS+EXIIHUVWRFRQWUROS+LQWKH7&¶UXPHQV/DFWLF
DFLG¶VV\QWKHVLVFDQEHLQKLELWHGE\PHWDEROLFK\GURJHQZKRVHPRELOL]DWLRQLVGRQHYLD
SDUWLFXODUSDWKZD\VRIPHWDEROLVPOLNHSURSLRQRJHQHVLV7KHPRELOL]DWLRQFDQEH
IDFLOLWDWHGE\WKHDGGLWLRQRISUHFXUVRUVRISURSLRQDWHOLNHIXPDUDWHDVSDUWDWHDVZHOODV
PDODWH1RWDEO\FRQVXPHUVRI7&¶PLONDUHQRUPDOO\DJDLQVWWKHXVDJHRIWKHSUHFXUVRUV
ZKLFKDUHHFRQRPLFDOO\XQYLDEOH2WKHUDGGLWLYHVWKDWDUHXVHGLQSUHYHQWLQJWKHDFLGRVLV
LQFOXGHSURELRWLFVZKRVHDFWLRQSDWKZD\VDUHSUHVHQWO\QRWZKROO\XQGHUVWRRG9DULRXV
DQWLELRWLFVWKDWDUHXVHGLQPDQDJLQJDFLGRVLVLQ7&DQGRWKHUDQLPDOVPD\SRWHQWLDOO\
ϳ

LQKLELWEDFWHULDWKDWDUHJUDPSRVLWLYH,QWKH(8EDQQHGWKHDQWLELRWLFV¶DSSOLFDWLRQ
DVDGGLWLYHVLQIHHGVPDGHIRUDQLPDOVLQFOXGLQJ7&-RXDQ\
5XPHQPLFUREHV
7RPDNHFHUWDLQ7&DWWDLQWKHLUJHQHGHWHUPLQHGSRWHQWLDOIRUJHQHUDWLRQRIPLON
LQDGGLWLRQWREHLQJKHDOWK\WKHLUUXPHQVRXJKWWREHKHDOWK'\VIXQFWLRQDOUXPHQV
LPSDLUWKHGLJHVWLRQRI7&IHHGZLWKWKHFRZVEHFRPLQJTXLWHSURQHWRYDULHG
PHWDEROLVPUHODWHGGLVHDVHV&KHQ3HQQHU/L2ED	*XDQ<DQJ%HDXFKHPLQ	
5RGH<DQJ%HDXFKHPLQ	5RGH3RSXODWLRQVRIUXPLQDOPLFUREHV
FRPSHWHZLWKWKH7&IRUQXWULHQWV7KH\LPSDFWRQWKHHFRV\VWHPRIWKHUXPHQDQG
HYHQWXDOO\RQWKHDYDLODELOLW\RIWKHQXWULHQWVWKDW7&UHTXLUHIRUWKHSXUSRVHRI
SURGXFWLRQ7KHPLFUREHVLQWKHUXPHQLQFOXGHIXQJLSURWR]RDDORQJZLWKEDFWHULD
/DUJHO\WKHSURWR]RDDUHFLOLDWHGDQGWKHIXQJLDUHDQDHURELF<DQJ%HDXFKHPLQ	
5RGH5XPLQDOSRSXODWLRQVRIWKHPLFUREHVDUHPDUNHGO\G\QDPLF
&KDUDFWHULVWLFDOO\WKH\FKDQJHUDSLGO\ZLWKGLHWUHODWHGIDFWRUV&KHQ3HQQHU/L2ED	
*XDQ<DQJ%HDXFKHPLQ	5RGH
1DJDUDMDDQG7LWJHPH\HURSLQHWKDWWKHGHJUHHRILQWULFDF\RIWKHUHODWLRQV
EHWZHHQYDULHGPLFUREHVRUWKHLUJURXSVIRXQGLQUXPHQVLVVRKLJKWKDWWRGDWHVHYHUDO
PLFURRUJDQLVPVDQGSDWKZD\VWKDWDUHLQYROYHGUHPDLQXQNQRZQ0LFURELRORJLVWVDUH
QRZLQFUHDVLQJO\LQWHUHVWHGLQGHYHORSLQJZD\VRIFRQWUROOLQJYDULHGPHWDEROLVPUHODWHG
SURFHVVHVWKDWKDSSHQZLWKLQUXPHQV*LYHQWKHFRQWLQXHGQHJDWLYHSHUFHSWLRQVWKDWWKH
SXEOLFKDVDJDLQVWWKHXWLOL]DWLRQRIYDULRXVFKHPLFDODJHQWVDQWLPLFURELDOVLQWKH
FRQWURORIPLFUREHVJURZLQJHIIRUWVDUHEHLQJGLUHFWHGWRZDUGVIRUPXODWLRQRIVXEVWLWXWH
DGGLWLYHVOLNHRUJDQLFDFLGVHQ]\PHVSURELRWLFVDQGRWKHUV-RXDQ\1DJDUDMD	
7LWJHPH\HU
ϴ

7KHIRUPXODWLRQDQGSURGXFWLRQRIVXEVWLWXWHVWRWKHUDQJHRIDQWLELRWLFVLQ
SURPRWLQJJURZWKLQ7&DJULFXOWXUHLVQRZDSULRULW\(YHQWKHQFRQFHUQVDERXWPLON
VDIHW\LQUHFHQW\HDUVKDYHFRQWLQXDOO\GLUHFWHGUHVHDUFKHUV¶DWWHQWLRQWRZDUGVPLFUREHV
OLNH(VFKHULFKLDFROL2+ZKLFKLVDVVRFLDWHGZLWKQXPHURXVIRRGUHODWHG
LOOQHVVHV7KHUHDUHFRQWLQXLQJHIIRUWVWROHVVHQ7&PLFUREHVKHGGLQJ1DJDUDMD	
7LWJHPH\HU7ULFDULFR$EQH\*DO\HDQ5LYHUD+DQVRQ0F/HRG	+DUPRQ
9DVFRQFHORV(ODP%UDVKHDUV	*DO\HDQ
,QDVWXG\E\3DUN7LWJHPH\HU&RFKUDQ'H)UDLQ)HUGLQDQG:DOODFH1DJDUDMD
-RKQVRQDQG6KLUOH\XVH+ROVWHLQ7&WKDWDUHSUHJQDQWUXPLQDOO\ILVWXODWHGDV
ZHOODVPXOWLSDURXVLQGHOLQHDWLQJDGDSWDWLRQVRIPLFUREHVEHWZHHQODFWDWLRQV7KHGLHWV
WKDWDUHRIIHUHGWRWKH7&FRPSULVHRIFORVHXSDVZHOODVIDURIIGLHWVDGLHWXVHGLQWKH
ODWWHUGD\VRIODFWDWLRQDQGWKDWFRQWDLQV'0GU\PDWWHULQIRUPRIIHHGRIZHW
FRUQW\SHRIJOXWHQDQGVLODJHIURPKD\FRUQVRIDOIDIDZKLFKLVEDVHGRQDGLHWPDGH
IRUWKHHDUO\GD\VRIODFWDWLRQ6DPSOHVRIPLFUREHVDUHFROOHFWHGRQWKHQGVWUG
DQGWKGD\VEHIRUHFDOYLQJDQGWKHWKWKWKWKQGWKDQGWKGD\V
SRVWSDUWXP5XPLQDOVDPSOHVDUHDQDO\]HGIRUSURWR]RDZKLFKDUHFLOLDWHGDQGIXQJLDV
ZHOODVEDFWHULDOFRXQWV,WLVHVWDEOLVKHGWKDWWUDQVLWLQJIURPDGLHWWKDWLVULFKLQIROLDJH
WRRQHWKDWLVULFKLQFRQFHQWUDWHVKDVORZHULPSDFWRQFRXQWVRIEDFWHULDWKDQLWKDVRQ
FRXQWVRISURWR]RDDVZHOODVIXQJL7UDQVLWLQJIURPGLHWVWKDWDUHULFKLQFRQFHQWUDWHVWR
RQHVWKDWDUHULFKLQIRUDJHJURZVWKHFRXQWVRIWKHSURWR]RDDVZHOODVIXQJL7KHFRXQWV
UHGXFHZKHQWUDQVLWLQJIURPGLHWVWKDWDUHULFKLQIRUDJHWRRQHVWKDWDUHULFKLQ
FRQFHQWUDWHV7KHUHLVDQLQFUHDVHLQWKHFRXQWVRIEDFWHULDDQGSURWR]RDLQWKHHDUO\GD\V
RIODFWDWLRQ3DUNHWDO
ϵ

7KHFRXQWVJRGRZQDV7&PRYHWRZDUGVSHDN'0,&KDQJHVLQGLHWZKHQ
ODFWDWLRQLVVWDUWLQJDFWXDOL]HUXPLQDOIXQJL¶VQHDUGLVDSSHDUDQFH*HQHUDOO\SRSXODWLRQV
RIPLFUREHVLQGDLU\FDWWOH¶VUXPHQVDUHLPSDFWHGRQE\GLHWPRGLILFDWLRQVDVZHOODV
LQWDNH3URWR]RDQDORQJZLWKIXQJDOSRSXODWLRQVDUHPDUNHGO\LPSDFWHGRQE\GLHWDU\
FKDQJHVZKLOHLQWDNHFKDQJHVLPSDFWRQSURWR]RDQEDFWHULDOLQDGGLWLRQWRIXQJDO
SRSXODWLRQV3DUNHWDO:DQJ/L=KDR+X&KHQ/LX/LXDQG:DQJ
VXEPLWWKDWWKHVSHFLHVDQGVL]HVRISRSXODWLRQVRIPLFUREHVKHDYLO\LQIOXHQFHVSURFHVVHV
VXFKDVJOXFRQHRJHQHVLV*OXFRQHRJHQHVLVLVWKHSURFHVVHVWKURXJKZKLFKJOXFRVHLV
JHQHUDWHGE\SURSLRQDWH7KH\H[DPLQHWKHFRPSRVLWLRQRIPLFURELRPHLQUXPHQVRI7&
FRZVWKDWKDYHNHWRVLV.DVZHOODVQRQSHULQDWDORQHV7KHH[DPLQDWLRQLVH[HFXWHGYLD
³WHUPLQDOUHVWULFWLRQIUDJPHQWOHQJWKSRO\PRUSKLVP75)/3´6U51$JHQHDQDO\VLV
DQG3&5WKDWLVTXDQWLWDWLYH:DQJ/L=KDR+X&KHQ/LX/LX	:DQJ
7KHDQDO\VLVHVWDEOLVKHVWKDWWKHUHLVUHGXFWLRQRI9HLOORQHOODFHDHPLFUREH
TXDQWLWLHVJURZWKRI6WUHSWRFRFFDFHDHPLFUREHSRSXODWLRQVLQWKH7&DVZHOODVLQWKH.
JURXSV/DFWREDFLOODFHDHPLFUREHSRSXODWLRQVJURZIROORZLQJFDOYLQJ'DWDJRWIURPWKH
3&5VKRZVGHFLPDWLRQRISRSXODWLRQVRIPLFUREHVWKDWDUHWKHSULQFLSDOSURGXFHUVRI
SURSLRQDWH6HOHQRPRQDVUXPLQDQWLXPDORQJZLWK0HJDVSKDHUDHOVGHQLL7KHUXPLQDO
SRSXODWLRQRIWKHEDFWHULDWKDWDUHWKHSULQFLSDOSURGXFHUVRIODFWDWH6WUHSWRFRFFXVERYLV
JURZLQ7&DQGLQWKH.JURXSV)ROORZLQJFDOYLQJWKH/DFWREDFLOODFHDHPLFUREH
SRSXODWLRQVJURZ7KHFRQFHQWUDWLRQVRIJOXFRVHDQG9)$GHFUHDVHZKLOHWKDWRIODFWLF
DFLGJRHVXSLQWKHVDPSOHVREWDLQHGIURPWKH.JURXSVDQG7&7KHUHVHDUFKHUV
GHPRQVWUDWHDFORVHFRQQHFWLRQEHWZHHQWKHFRQFHQWUDWLRQRI9)$DQGWKHVL]HRI
ϭϬ

UXPLQDOSRSXODWLRQVRI6UXPLQDQWLXPDORQJZLWK0HOVGHQLL:DQJ/L=KDR+X
&KHQ/LX/LX	:DQJ
&KHQ3HQQHU/L2EDDQG*XDQH[DPLQLQJWKHLQIOXHQFHVWKDWGLHWKDV
RQUXPLQDOHSLPXUDOEDFWHULDSRSXODWLRQGLYHUVLW\LQ5*$KHLIHUVGHWHFWEDFWHULDRI
ODFKQRVSLUDFHDHWUHSRQHPDDORQJZLWKUXPLQREDFWHUVSHFLHVLQFDVHVZKHUHWKHKHLIHUV
IHHGRQGLHWVFRQWDLQLQJDQGKD\7KHEDFWHULD¶VSUHVHQFHLVDPSO\DWWULEXWHGWR
DGDSWDWLRQVWRGLHWVWKDWDUHKLJKRQJUDLQV7KHSRSXODWLRQLVSRVLWLYHO\OLQNHGWRPRODU
UDWLRVRILVRYDOHUDWHDFHWDWHDORQJZLWKLVREXW\UDWH,WFDQEHLQIHUUHGIURPWKHSRVLWLYH
OLQNEHWZHHQWKHUDWLRVDQGWKHSRSXODWLRQWKDWLVRYDOHUDWHDFHWDWHDORQJZLWKLVREXW\UDWH
DIIHFWWKHUXPLQDOPHWDEROLVPRI9)$&KHQ3HQQHU/L2ED	*XDQ1RFHNDQG
.DXW]H[DPLQHWKHVXSSOHPHQWDWLRQHIIHFWVRI³GLUHFWIHGPLFURELDODJHQWV
')0´RQ7&S7KH\HVWDEOLVKWKDWLIWKHVXSSOHPHQWDWLRQRI')0VLVEURDGO\
WDUJHWHGLWLPSURYHVWKHGLJHVWLRQRI'0IRUDJHLQWKHUXPHQ,QWKHHDUO\GD\VRI
ODFWDWLRQFRZVWKDWUHFHLYH')0DVVXSSOHPHQWKDYHLQFUHDVHGPLONSURGXFWLRQ7KH\
WDNHLQKLJKHUTXDQWLWLHVRI'0GXULQJWKHWUDQVLWLRQWLPH7KHSURSRUWLRQRIIDWLQWKHLU
PLONLVORZHUFRPSDUHGWRPLONIURPFRZVWKDWDUHQRWVXSSOHPHQWHG1RFHN	.DXW]

5XPLQDOEDFWHULRSKDJHVKDYHRYHUDKXQGUHGYDULHGPRUSKRORJLHVDQGDUH
HIIRUWOHVVO\YLHZHGXQGHUPLFURVFRSHV(GZDUGV+XZV.LP/HH.LQVWRQ6PLWK	
6FROODQ7KH\DUHHLWKHURIWHPSHUDWHRUO\WLFIRUPV7HPSHUDWHEDFWHULRSKDJHVDUH
WKHPRVWFRPPRQLQ7&¶UXPHQV7KHO\WLFRQHVFRQVLGHUDEO\LQIOXHQFHWKHIRUPVDVZHOO
DVQXPEHUVRIUXPLQDOEDFWHULD7KHUHDUHSRVVLELOLWLHVWKDWWKH\PDNHFRQWULEXWLRQVWR
PLFUREHSRSXODWLRQV¶KRPHRVWDVLV&DOVDPLJOLD&DUGD]R)HUUHW	%DFK
ϭϭ

%DFWHULRSKDJHVDUHKLJKO\SDUWLFXODURQWKHLUKRVWV7KHLUWUHDWPHQWLVHYLGHQWO\HDV\
RZLQJWRWKHLUXQLWVWKDWVHOIUHSOLFDWH%DFWHULDPD\GHYHORSUHVLVWDQFHDJDLQVWWKH
EDFWHULRSKDJHV7KHUDSLHVWKDWDUHEXLOWRQEDFWHULRSKDJHXQLWVIRUHOLPLQDWLQJSDUWLFXODU
PLFUREHVVXFKDV6ERYLV(FROL2+DQGUHODWHGSDWKRJHQVRUEDFWHULDWKDW
SURGXFHK\SHUDPPRQLDSUHVHQWPDUNHGEHQHILWV%XVTXHW&DOVDPLJOLD)HUUHW	
.DPHO:LGHUDQJLQJVHDUFKHVIRUVWXGLHVWKDWUHODWHWRUXPLQDOEDFWHULRSKDJHV
VKRZWKDWWKHEDFWHULRSKDJHV¶G\QDPLFVRISRSXODWLRQJHQHUDOIXQFWLRQDOG\QDPLFVDQG
VLJQLILFDQFHDQGELRORJ\KDYHQRWEHHQFRQFOXVLYHO\GHWHUPLQHG
*LYHQWKDWYDULHGPLFUREHVVKDUHWKHLUKDELWDWVFRPSHWLQJIRUDYDLODEOH
VXEVWUDWHVWKH\LQWHUDFWLQERWKLQWULFDWHDQGVWUDLJKWIRUZDUGZD\VZKLFKDUHDGYHUVHRU
EHQHILFLDOWRWKHLUKRVWVDQGWRWKHPVHOYHV5HVHDUFKKDVHVWDEOLVKHGWKDWUXPLQDO
SURWR]RDDQGEDFWHULDKRUL]RQWDOO\H[FKDQJHJHQHWLFPDWWHU7KHWUDQVIHURIWKHPDWWHU
PD\SUHVHQWWKHUHFHLYLQJPLFUREHVZLWKQHZIXQFWLRQV*LYHQWKDWFLOLDWHVDUHFDSDEOHRI
HQJXOILQJDVZHOODVGLJHVWLQJEDFWHULDWKHFLOLDWHVPD\DEVRUEDQGLQFRUSRUDWHEDFWHULDO
'1$LQWRWKHLURZQJHQRPHVDFFRUGLQJWR5LFDUGHWDO
)RULQVWDQFH3RO\SODVWURQPXOWLYHVLFXODWXPSURGXFHV[\ODQDVHWKDWLVFORVHO\
FRPSDUDEOHWR[\ODQDVHVSURGXFHGE\EDFWHULDWKDWDUHJUDPSRVLWLYH'HYLOODUG
1HZEROG6FRWW)RUDQR:DOODFH-RXDQ\	)OLQW5XPLQDOPLFUREHV¶VHTXHQFHV
RIJHQRPHVFDQJLYHGHWDLOHGLQIRUPDWLRQUHJDUGLQJWKHLUSRWHQWLDOUHODWLQJWRPHWDEROLVP
DFFRUGLQJWR6XHQHWDO,QIRUPDWLRQH[WUDFWHGIURPEDFWHULD¶VJHQRPLFV
HVSHFLDOO\LIWKHEDFWHULDLVILEURO\WLFJLYHVDPSOHLQVLJKWVLQKRZILEHUVDUHGLJHVWHG
ZLWKLQDQLPDOV¶LQFOXGLQJ7&¶UXPHQV7KHUHDUHSRVVLELOLWLHVWKDWWKHLQIRUPDWLRQFDQ
HDVHWKHPDNLQJRXWRIHQ]\PHVWKDWFDQEHXWLOL]HGLQFRPPHUFLDODSSOLFDWLRQVVXFKDV
ϭϮ

EHLQJDSSOLHGDVDGGLWLYHVWRIRRGVRUXVHGLQJHQHUDWLRQRIELRIXHOVDVHVWDEOLVKHGE\
+HVVHWDO0HWKDQREUHYLEDFWHUUXPLQDQWLXPKDVKDGLWVJHQRPHVVHTXHQFHGDV
ZHOODVDQDO\]HGLQWZRVWXGLHV7KHPLFUREHLVDSULQFLSDOPHWKDQRJHQLQUXPHQV,Q
ERWKVWXGLHVLWVPHWKDQRJHQSDUWLFXODUJHQHVZKLFKHQVXUHWKHFRGLQJRIHVVHQWLDO
HQ]\PHVZKHQPHWKDQHLVSURGXFHGKDYHEHHQVXFFHVVIXOO\PDGHRXW,QPLWLJDWLRQWKH
JHQHVPD\EHHIIHFWLYHO\WDUJHWHG$WWZRRG$OWHUPDQQ.HOO\/HDK\=KDQJ	
0RUULVRQ/HDK\HWDO
7KHPLFUREHKDVQXPHURXVJHQHVZKLFKDVSURWHLQVDUHFDSDEOHRIHQFRGLQJLQ
UHODWLRQWRVXUIDFHDGKHVLRQ7KHJHQHVPLJKWSOD\FRQVLGHUDEOHUROHVLQWKHPHGLDWLRQRI
FORVHUHODWLRQVZLWKSURWR]RDRUHYHQEDFWHULDWKDWJHQHUDWHK\GURJHQZLWKLQUXPHQV
6XFKSURWHLQVPD\VHUYHDQWLJHQUROHVLQYDFFLQHVPDGHIRULQGXFLQJPHWKDQRJHQ
LQKLELWLRQLQUXPHQV$WWZRRG$OWHUPDQQ.HOO\/HDK\=KDQJ	0RUULVRQ7KLV
PHDQVWKDWDOOHIIRUWVDLPHGDWOLQNLQJWKHPLFUREHVLQUXPHQVWRWKHSK\VLRORJLHVRIWKHLU
KRVWVRUSDUDPHWHUVRIJHQHUDWLRQRXJKWWREHVHQVLWLYHWRYDULDWLRQVLQWKHVWUXFWXUHVRI
WKHPLFUREHFRPPXQLWLHVDWWKHOHYHORIVWUDLQVDVZHOODVVSHFLHV:LGHUDQJLQJVHDUFKHV
IRUSDVWUHVHDUFKHVUHODWLQJWRWKHYDULDWLRQVVKRZWKDWOLPLWHGVWXGLHVKDYHEHHQ
FRQGXFWHGWRHVWDEOLVKWKHFRQQHFWLRQVEHWZHHQWKHVWUXFWXUHVDQGWKHSKHQRW\SLFDO
FKDUDFWHULVWLFVRIWKHPLFUREHV¶KRVWV
5XPLQDOIHUPHQWDWLRQ
*HQHUDOO\WKHUXPHQLVYLHZHGDVDQRSHQFKDPEHULQZKLFKIHUPHQWDWLRQ
KDSSHQVDQGZKLFKKRVWVDQDHURELFPLFURRUJDQLVPV7KHPLFURRUJDQLVPVDQDHURELFDOO\
EUHDNGRZQFRPSOH[IHHGFRPSRQHQWVDQGJLYHRIISURGXFWVVXFKDVDFLGVDVZHOODV
PLFUREHFHOOPDVVHVWKDWKRVWVFRQVXPH7KHSURGXFWVRIWKHUXPLQDOSURFHVVRI
IHUPHQWDWLRQHVSHFLDOO\9)$DUHDEVRUEHGLQWRWKHKRVWV¶EORRG1RFHN.DXW]/HHGOH
ϭϯ

	$OOPDQ7KHFHOOVRIWKHPLFUREHVWKDWHQWHUWKHGXRGHQXPDQGDERPDVXPKHOS
LQPHHWLQJWKHKRVWV¶SURWHLQDORQJZLWKHQHUJ\QHHGV7KHUXPLQDOIHUPHQWDWLRQ
HQYLURQPHQWEXLOWRQLQWHUDFWLRQVRIWKHPLFUREHVDQGWKHKRVWVIXQFWLRQOLNHFRQWLQXDO
DQGHIIHFWXDOV\VWHPVRIFXOWXUHVWKDWKDYHWKHFKHPLFDODVZHOODVSK\VLFDOFRQGLWLRQV
WKDWVXSSRUWWKHDFWLYLWLHVDQGJURZWKRIPLFUREHV,GHDOO\WKHHQYLURQPHQWVKRXOGEH
FRQWLQXDOO\VXSSOLHGZLWKYDULHGHVVHQWLDOVXEVWUDWHVDQGFOHDUHGRIXQGLJHVWHGPDWHULDOV
DQGE\SURGXFWVRIIHUPHQWDWLRQ/HWWDW1R]LqUH6LOEHUEHUJ0RUJDYL%HUJHU	0DUWLQ
%DQQLQN*HUULWV)UDQFH	'LMNVWUD1RFHN.DXW]/HHGOH	$OOPDQ

%DQQLQN*HUULWV)UDQFHDQG'LMNVWUDHVWDEOLVKWKDWGXULQJWKHHDUO\GD\V
RIODFWDWLRQWKHHSLWKHOLDRIUXPHQVFKDQJHWUDQVLHQWO\RZLQJWRYDULDWLRQVLQ
VXSSOHPHQWDOIHHGLQJRQFRQFHQWUDWHV7KH\FRQFOXGHWKDWUDSLGLQFUHDVHRIWKHLQWDNHRI
FRQFHQWUDWHVGRHVQRWDGYHUVHO\LPSDFWRQIHUPHQWDWLRQLQWKHUXPHQ'0,DQG
SHUIRUPDQFHRI7&7KHUHVHDUFKHUVFRQWHQGWKDWWKLVDQGRWKHUFRQFOXVLRQVWKDWWKH\
DUULYHDWDUHUHIXWHGRUFRQFXUUHGZLWKE\RWKHUVWXGLHVLQH[WDQWOLWHUDWXUH7KHHSLWKHOLD
HVSHFLDOO\LQ7&LQWKHSHULSDUWXULHQWSKDVHUHDFWLQPDQQHUVWKDWDUHFRRUGLQDWHGWR
KDVW\FKDQJHVLQGLHW7KHFRRUGLQDWLRQLVHVVHQWLDOLQPDLQWDLQLQJRSWLPDOIHUPHQWDWLRQ
DFWLYLW\DQGRWKHUIXQFWLRQVRIWKHUXPHQ%DQQLQN*HUULWV)UDQFH	'LMNVWUD
)HUPHQWDWLRQVWKDWRFFXULQWKHUXPHQVFRPSURPLVHWKHHIILFDF\RISURELRWLFVWKDWDUH
XVHGLQPDQDJLQJODFWLFDFLGRVLV(YHQWKHQWKHHIILFDF\LVFRQVLGHUDEOHLQXQVWDEOH
HFRV\VWHPVZLWKLQUXPHQV/HWWDW1R]LqUH6LOEHUEHUJ0RUJDYL%HUJHU	0DUWLQ

ϭϰ

(VVHQWLDOO\WKHPLFUREHUHODWHGIHUPHQWDWLRQWKDWKDSSHQVLQUXPHQVLV
PRGLILDEOHWKURXJKYDULHGLQWHUYHQWLRQVDWWKHOHYHOVRIWKHPLFUREHVKRVW7&RURWKHU
DQLPDODQGIHHG$WWKHDQLPDODQGIHHGOHYHOVWKHLQWHUYHQWLRQVKDYHLQGLUHFWLPSDFWV
RQWKHIHUPHQWDWLRQ7KH\DUHDLPHGDWDOWHULQJWKHKRVWDQLPDOV¶SK\VLRORJLHVRU
IHHGVWXIIV$WWKHRWKHUOHYHOWKHLPSDFWVDUHFRQVLGHUDEO\GLUHFW7KH\DOWHUWKHSDWWHUQV
WKDWW\SLI\WKHIHUPHQWDWLRQYLDPLFUREHV¶DFWLRQVWKDWDUHWULJJHUHGE\SDUWLFXODUGLHWDU\
DGGLWLYHV.UHKELHO5XVW=KDQJ	*LOOLODQG1RFHN.DXW]/HHGOH	$OOPDQ
:DQJ<HDQG/LXLQYHVWLJDWHZKHWKHUWHDVDSRQLQV76DIIHFW
IHUPHQWDWLRQLQWKHUXPHQVRIVKHHS7KHUHVXOWVJLYHDPSOHLQVLJKWVUHJDUGLQJWKHHIIHFWV
WKDWWKH76KDYHRQIHUPHQWDWLRQLQ7&76DUHJHQHUDWHGIURPWHDVKUXEV¶URRWVOHDYHV
DQGVHHGV7KH\DUHH[FOXVLYHO\SHQWDF\FOLFWULWHUSHQHVDQGKDYHHQGXULQJHIIHFWV
DOWKRXJKWKHLULPSDFWVRQSRSXODWLRQVRIPHWKDQRJHQVDUHOLPLWHG76UHVWUDLQWKHDFWLYLW\
RIPHWKDQRJHQVGLUHFWO\E\GHSUHVVLQJWKHSRSXODWLRQRISURWR]RDZKLFKDUHFLOLDWHG
$GGLWLRQDOO\76GHFLPDWHSRSXODWLRQVRIUXPLQDOIXQJLLQLQYLWURW\SHRIIHUPHQWDWLRQV
7KHGHFLPDWLRQKDSSHQVLQUXPHQIOXLGFRQWDLQLQJPHGLD:DQJ<H	/LX
7KH76KDYHTXLWHPLQLPDOLPSDFWVRQSDWWHUQVRIIHUPHQWDWLRQLQUXPHQVDQGRQ
WKHGLJHVWLRQRIQXWULHQWV,QJRDWV76HQKDQFHVWKHLUGDLO\JDLQRIPDVVDQGGLHW
HIILFLHQF\:DQJ<H	/LX=KRX0F6ZHHQH\:DQJDQG/LX
GHWHUPLQLQJWKHLPSDFWVWKDW')GLVRGLXPIXPDUDWHKDVRQSRSXODWLRQVRIPLFUREHVDQG
FKDUDFWHULVWLFVRIIHUPHQWDWLRQLQWKHUXPHQHVWDEOLVKWKDWVRPHEDFWHULDWKDWDUH
FHOOXORO\WLFRUSURWHRO\WLFUHVSRQGLQDSRVLWLYHPDQQHUWR')DGGLWLRQV7KHVHLQFOXGH
&ORVWULGLXPVS)VXFFLQRJHQHV%XW\ULYLEULRILEULVROYHQV5XPLQRFRFFXVDOEXV3
UXPLQLFRODDQGRWKHUV=KRX0F6ZHHQH\:DQJ	/LXS
ϭϱ

5XPHQ7LVVXHV
7KHPRUSKRORJLHVDQGVWDWXVHVRIWKHHSLWKHOLXPRIUXPHQVSOD\FULWLFDOUROHVLQ
WKHFDSDFLW\RI7&¶WRGHDOZLWKFKDQJHGQXWULWLRQDOUHJLPHQV7KHSDSLOODHRI7&¶
UXPHQVKDVWLO\UHVSRQGWRHOHYDWHG9)$FRQFHQWUDWLRQ9)$LVJHQHUDWHGE\UXPLQDO
PLFURRUJDQLVPVZKHQWKH\DUHUHVSRQGLQJWRUDLVHGFRQFHQWUDWLRQRI1RQ)LEHU
&DERK\GUDWH1)&LQGLHWVLQUHODWLRQWRFKDUDFWHULVWLFUDWLRQVWKDWDUHULFKLQIRUDJHLQ
WKHODWWHUGD\VRISUHJQDQF\&RQVHTXHQWO\WKHHSLWKHOLXPVKRXOGEHSULPHGIRUHQKDQFHG
DEVRUSWLYHDELOLWLHVDQGUHGXFWLRQRIDFLGRVLVULVNVZKHQWUDQVLWLRQLVXQGHUZD\7KH
DFFXPXODWLRQRI9)$LQWKHUXPHQFDXVHVWKHDFLGRVLVDVWKHHSLWKHOLDFDQQRWDFWXDOL]H
DGHTXDWHDEVRUSWLRQ3HQQHU$VFKHQEDFK*DEHO5DFNZLW]	2ED:KHQWKH
HOLPLQDWLRQRIUXPLQDO9)$LVUDLVHGLQUHVSRQGLQJWRWKHLUPRXQWLQJFRQFHQWUDWLRQLQ
WKHUXPHQWKHSULPLQJEHFRPHVDSSDUHQWDFFRUGLQJWR$VFKHQEDFK%LON7DGHVVH
6WXPSIIDQG*lEHO0F/HRGDQG%DOGZLQ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FULWLTXH
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$UJRY$UJDPDQ(VKHO0RDOOHP/HKUHU8QL	$ULHOL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IROORZLQJFDOYLQJ)RUWKHVWXG\RIYLVFHUDOPDVVHV7&DUHDUELWUDULO\DSSRUWLRQHGRQH
RXWRIWKHSRVVLEOHWKUHHQXWULWLRQDOWUHDWPHQWV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DQWLFLSDWHGGDWHRIFDOYLQJRUDWDQGWHQGD\VDIWHUWKHGDWHZKHQFDOYLQJRFFXUV
&KDUDFWHULVWLFVRIWKHSDSLOODHLQWKHOXPHQVDQGWKHPDVVHVDUHGHWHUPLQHG7KHVWXG\
HVWDEOLVKHVWKDWWKHPDVVHVDUHPLQLPDOO\LPSDFWHGRQE\GLHWV2QWKHQGGD\DIWHU
FDOYLQJDQGSULRUWRLQFUHPHQWRIWKHLQWDNHRI'0WKHPDVVHVRIODUJHDQGVPDOO
LQWHVWLQHVOLYHUVDQGUHWLFXOROXPHQDUHJUHDWHU1RFKDQJHVLQWKHPDVVHVDUHVHHQDWWKH
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RUDFFRPSDQLHGE\NLORJUDPVRI'0RIPHDOPDGHIURPEDUOH\7KHUDWHVRI
GLOXWLRQRIWKHOLTXLGVDQGYROXPHVRIUXPHQVDUHGHWHUPLQHGDWWKHWKDQGWKGD\SULRU
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RI7&¶OLYHUVDQGJDVWURLQWHVWLQHVDUHRFFDVLRQHGE\'0LQWDNHFKDQJHVDORQJZLWK
FKDQJHVLQWKHVXSSO\RIQXWULHQWVDVRSSRVHGWRWKHFRPPHQFHPHQWRIODFWDWLRQLQ
LVRODWLRQ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$FFRUGLQJWR$QGHUVRQ6HKHVWHGDQG,QJYDUWVHQUDLVLQJWKHLQWDNHRI
FDUERK\GUDWH&+2E\KHLIHUVIRXUZHHNVSULRUWRSDUWXULWLRQQHLWKHUFKDQJHVUXPLQDO
SDSLOODHKLVWRORJLFDOSDUDPHWHUVQHLWKHUWKHLUPDFURVFRSLFRQHVZKHQWKHGU\SKDVHLV
HQGLQJ7KHGLIIHUHQFHVEHWZHHQWKHILQGLQJVSUHVHQWHGE\6KHQHWDODQGWKRVH
E\$QGHUVRQ6HKHVWHGDQG,QJYDUWVHQPD\VWHPIURPYDULDWLRQVLQWKHOHQJWKRI
WLPHWDNHQLQJLYLQJWKHQXWULWLRQDOWUHDWPHQWVUDWLRQ&+2¶VGHILQLWHGLJHVWLELOLW\DQGWKH
SKDVHRIODFWDWLRQZKHQPDQLSXODWLRQVDUHH[HFXWHG7KLVSUHVHQWVFKDOOHQJHVLQ
SUHGLFWLQJWKHGHILQLWHPRUSKRORJ\UHODWHGUHDFWLRQVWRFKDQJHVLQWKHFRPSRVLWLRQRI
UDWLRQV$UJRY$UJDPDQ(VKHO0RDOOHP/HKUHU8QL	$ULHOL
7KHUHLVDPSOHGRFXPHQWDWLRQRIWKHOLQNVEHWZHHQUXPLQDOSDSLOODHDUHDZKHUH
DEVRUSWLRQKDSSHQVDQGIHUPHQWDELOLW\RIGLHW(YHQWKHQWKHUHLVOLPLWHGSDVWUHVHDUFK
UHODWLQJWRH[SUHVVLRQUHVSRQVHVRIHQ]\PHDORQJZLWKWUDQVSRUWHUDFWLYLW\ZLWKLQWKH
ZDOOVRIOXPHQV3HQQHU6WHHOH$VFKHQEDFKDQG0F%ULGH7HPSRUDODOWHUDWLRQV
LQWKHIXQFWLRQVRIFHOOVWKDWFRQVWLWXWHHSLWKHOLDOWLVVXHVDUHHDUO\UHDFWLRQVWR
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$UJRY$UJDPDQ(VKHO0RDOOHP/HKUHU8QL	$ULHOL
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PLFURELDOFRPPXQLW\GXULQJWKHWUDQVLWLRQSHULRGGDLU\FRZV7KXVWKHREMHFWLYHRIWKLV
VWXG\ZDVWRVWXG\WKHUHODWLRQVKLSEHWZHHQWKHFRPSRVLWLRQRIWKHEDFWHULDOFRPPXQLW\
LQGDLU\FRZVLQWKHUXPHQGXULQJWKHWUDQVLWLRQSHULRGWRLGHQWLI\SODQVWKDWPLJKW
LPSURYHRUDYRLG1(%WKURXJKUHJXODWLRQRIPLFURELDOIHUPHQWDWLRQLQWKHUXPHQ
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7KHUXPLQDOPLFURELDOSRSXODWLRQVHQFRPSDVVEDFWHULDDVZHOODVSURWR]RDDQGIXQJL
$OWHUDWLRQVLQGLHWDQGLQWDNHIRUGDLU\FRZVFDQLPSDFWHDFKJURXSRIPLFURELDOSRSXODWLRQV
GLIIHUHQWO\*UDQW	$OEULJKW%DFWHULDKDYHWKHVKRUWHVWJHQHUDWLRQSHULRGDQGWKHUHIRUH
DOWHUDWLRQVLQGLHWDQGLQWDNHKDYHDQHIIHFWRQWKHVHSRSXODWLRQVZLWKLQWKHUXPHQ7KHSURWR]RD
PRVWRIWKHWLPHDWWDFKWKHPVHOYHVWRELJJHUIHHGSDUWLFOHVRUHYHQWKHUXPLQDOZDOOWRVXUPRXQW
WKHORQJJHQHUDWLRQSHULRG$VDFRQVHTXHQFHWKHSURWR]RDXVXDOO\PDLQWDLQWKHLUSRSXODWLRQV
HYHQGXULQJSHULRGVRIGLHWDQGLQWDNH)XUWKHUPRUHSURWR]RDFDQXWLOL]HEDFWHULDDQGIXQJLDVD
VRXUFHRIQXWULWLRQDOYDOXHWRVXVWDLQWKHLUSRSXODWLRQVLQSHULRGVRIOLPLWHGLQWDNHDVZHOODVORZ
TXDOLW\GLHWV-RXUQHW	5HPRQG2QWKHRWKHUKDQGIXQJLDWWDFKWKHPVHOYHVDQGIHHGRQ
ILEHUSDUWLFOHVDQGWKHUHIRUHUHOHDVHIXQJDOVSRUHVZKHQWKH\PDWXUH$VDUHVXOWDOWHUDWLRQVLQ
GLHWDQGLQWDNHFDQVLJQLILFDQWO\LPSDFWWKHLUSRSXODWLRQVLQVLGHWKHUXPHQ7KHWZRWLHUHG
IHHGLQJVWUXFWXUHXVHGLQWKLVVWXG\IRU+ROVWHLQGDLU\FRZVZDVPHDQWWRSURYLGHWLPHIRU
UXPLQDOPLFURELDOSRSXODWLRQVWRILQHWXQHZLWKGLHWDU\FKDQJHVDQGFRQVHTXHQWO\GLPLQLVKWKH
LQFLGHQFHVRIUXPLQDODVZHOODVPHWDEROLFDLOPHQWVHVSHFLDOO\DIWHUFDOYLQJ.HUW]5HXW]HO	
7KRPVRQ7KHUXPLQDOPLFUREHVPXVWDOVRUHDFWUHVSRQGWRDOWHUDWLRQVRILQWDNHDQGGLHW
DVWKHGDLU\FRZVPDNHWKHFKDQJHIURPODWHJHVWDWLRQSHULRGLQWRHDUO\ODFWDWLRQSHULRG,Q
QRUPDOFLUFXPVWDQFHVUXPLQDOPLFURELDOSRSXODWLRQVLQ+ROVWHLQGDLU\FRZVDUHUHODWHGZLWKGLHW
DQGLQWDNHDOWHUDWLRQVDQGKRZWKLVFKDQJHVLQGLIIHUHQWODFWDWLRQSHULRGV'XULQJWKHVHSHULRGV
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WKHIXQJDOSURWR]RDDQGEDFWHULDOSRSXODWLRQVLQWKHUXPHQFKDQJHZLWKUHJDUGWRGLHWDU\DQG
LQWDNHFKDQJHVLQIDURIIDVZHOODVFORVHXSGLHWV6WDWH$WWKHHQGRIWKHVWXG\LWZDVFOHDUWKDW
UXPLQDOPLFURELDOSRSXODWLRQVRI+ROVWHLQGDLU\FRZVXVXDOO\UHVSRQGWRDOWHUDWLRQVLQGLHWDQG
LQWDNH$OWHUDWLRQVLQGLHWXVXDOO\DIIHFWSRSXODWLRQVRISURWR]RDDVZHOODVIXQJL+RZHYHUD
FKDQJHLQLQWDNHDIIHFWVIXQJLDQGSURWR]RDSRSXODWLRQVDVZHOODVEDFWHULDOSRSXODWLRQV.HRZQ
	*UDQW.H\V3HDUVRQ	7KRPSVRQ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$QLPDOVDQGGLHWV 
$OOSURFHGXUHVZHUHSHUIRUPHGXQGHUSURWRFROVDSSURYHGE\WKH8QLYHUVLW\RI,OOLQRLV
,QVWLWXWLRQDO$QLPDO&DUHDQG8VH&RPPLWWHHSURWRFRO%ULHIO\VHYHQUXPHQILVWXODWHG
+ROVWHLQFRZVLQWKHLUVHFRQGRUJUHDWHUODFWDWLRQZHUHVHOHFWHGIRUWKLVVWXG\&RZVZHUH
PDQDJHGDFFRUGLQJWRWKH8QLYHUVLW\RI,OOLQRLVVWDQGDUGRSHUDWLQJSURFHGXUHV,QDGGLWLRQFRZV
ZHUHIHGGXULQJWKHGU\SHULRGXVLQJWKHWZRVWDJHDSSURDFKZLWKDKLJKVWUDZORZHUHQHUJ\GLHW
IHGIURPGU\RIIWKURXJKGIURPSDUWXULWLRQIROORZHGE\DORZHUVWUDZDQGKLJKHUHQHUJ\
GLHWXQWLOSDUWXULWLRQ7DEOH&RZVZHUHWKHQIHGDFRPPRQODFWDWLRQGLHWXQWLOGD\
SRVWSDUWXP'LHWVZHUHIHGDVDWRWDOPL[HGUDWLRQ705RQFHGDLO\KXVLQJDQ
LQGLYLGXDO&DODQ$PHULFDQ&DODQ1RUWKZRRG1+86$JDWHIHHGLQJV\VWHPGXULQJWKHGU\
SHULRGRULQRSHQLQGLYLGXDOPDQDJHUVGXULQJODFWDWLRQ6DPSOLQJRIIHHGLQJUHGLHQWVDQG705
IRUFRPSRVLWLRQDQDO\VHVDQGKRXVLQJRIFRZVSUHDQGSRVWSDUWXPZHUHDVUHSRUWHGSUHYLRXVO\
$OVRGHWDLOVRI%:%&6PLONZHLJKWVDQGVDPSOLQJRIPLONFRPSRVLWLRQZHUHDVGHVFULEHG
SUHYLRXVO\*UDXJQDUGHWDO*UDXJQDUGHWDO%ULHIO\FRZ%:ZHUHREWDLQHG
ZHHNO\DQG%&6DVVLJQHGZHHNO\WKURXJKRXWWKHVWXG\&RZVZHUHPLONHGWKUHHWLPHVGDLO\
DIWHUSDUWXULWLRQDQGPLONZDVVDPSOHGWKULFHZHHNO\IRUDQDO\VLVRIFKHPLFDOFRPSRVLWLRQ
5XPHQVDPSOLQJFROOHFWLRQ
2QGD\VDQGGD\VDURXQGSDUWXULWLRQDQGSULRUWRWKHPRUQLQJIHHGLQJ
DJUDEVDPSOHRIUXPLQDOFRQWHQWVZDVFROOHFWHGYLDWKHUXPLQDOFDQQXODIURPWKHYHQWUDOVDFRI
WKHUXPHQDIWHUPL[LQJRIWKHFRQWHQWV7KHPL[HGUXPLQDOFRQWHQWZDVVTXHH]HGWKURXJKWKUHH
OD\HUVRIFKHHVHFORWKWRUHFRYHUDUXPHQIOXLGDQGUXPHQVROLGVDPSOH$OOVDPSOHVZHUH
ϯϭ

LPPHGLDWHO\SODFHGRQDQLFHEXFNHWWUDQVSRUWHGWRWKHODERUDWRU\DQGVWRUHGDWq&SULRUWR
'1$H[WUDFWLRQ
'1$H[WUDFWLRQ
$JRIVROLGVUXPHQFRQWHQWZDVXVHGIRUH[WUDFWLRQ7KHSURFHGXUHXVHGZDVWKDWRI
6WHYHQVRQDQG:HLPHUZLWKPRGLILFDWLRQV7RHDFKVDPSOHZDVDGGHGP/RIFKLOOHG
([WUDFWLRQ %XIIHU (% ZKLFK ZDV FRPSRVHG RI  P0 7ULV+&O P0
HWK\OHQHGLDPLQHWHWUDDFHWLFDFLG('7$DQG01D&ODWS+RI7KHPL[WXUHZDVEOHQGHG
E\SRO\WURQIRUPLQ7KHSUREHRIWKHSRO\WURQZDVWKHQULQVHGZLWKDQDGGLWLRQDOP/RI(%
7KHUHVXOWLQJPL[WXUHZDVWUDQVIHUUHGWRDP/)DOFRQWXEHDQGFHQWULIXJHGJHQWO\DWîJ
IRUPLQDWq&WRUHPRYH WKHFRQVLGHUDEOHDPRXQWRIEURNHQSODQWSDUWLFOHVZKLOHNHHSLQJ
EDFWHULDOFHOOVLQVXVSHQVLRQ7KHVXSHUQDWDQWZDVWKHQILOWHUHGWKURXJKDVPDOOTXDQWLW\RIJODVV
ZRROLQWRDQHZP/)DOFRQWXEH
7KHUHVXOWLQJVXSHUQDWDQWZDVFHQWULIXJHGDWîJIRUPLQDW&,QDGGLWLRQDQG
WKHFRUUHVSRQGLQJP/RIUXPHQIOXLGIURPWKHVDPHFRZZDVFHQWULIXJHGDWîJIRU
PLQDWq&7KHUHVXOWLQJSHOOHWIURPWKHVROLGDQGWKHOLTXLGVDPSOHVZKLFKFRQWDLQHGEDFWHULDO
FHOOVZHUHUHVXVSHQGHGLQP/LFHFROG(%EXIIHU$YROXPHRI/ZDVDOLTXRWHGLQWRD
P/PLFURIXJHWXEH6XEVHTXHQWO\WRHDFKVDPSOHZDVDGGHGJ]LUFRQLXPVLOLFDEHDGV
PPGLDPHWHU/VRGLXPGRGHF\OVXOIDWH6'6DQG/HTXLOLEUDWHGSKHQROS+
7KHVHVXVSHQVLRQVZHUHVKDNHQLQDEHDGEHDWHUIRUPLQLQFXEDWHGDWWRq&IRU
PLQDQGWKHQVKDNHQIRUDQDGGLWLRQDOPLQXWHV
$IWHUVKDNLQJWKHVDPSOHVZHUHFHQWULIXJHGDWîJIRUPLQDQGWKHDTXHRXVSKDVH
WUDQVIHUUHGWRDQHZP/PLFURIXJHWXEH7KHDTXHRXVSKDVHZDVH[WUDFWHGWZLFHZLWK/
ϯϮ

SKHQRO S+ WZLFHZLWKOSKHQROFKORURIRUPS+ DQG ILQDOO\ WZLFHZLWKO
FKORURIRUPDWîJIRUPLQHDFKWLPH$VPDOODPRXQWRI(%ZDVDGGHGRFFDVLRQDOO\WR
NHHSWKHDTXHRXVYROXPHDERYH/7KHILQDOVXSHUQDWDQWZDVFRPELQHGZLWKYROXPHVRI
01DDFHWDWHDQGWKHEDFWHULDO'1$SUHFLSLWDWHGZLWKYROXPHVRILVRSURSDQRO
7KHSUHFLSLWDWHG'1$SHOOHWZDVZDVKHGWZLFHE\DGGLQJ/RIHWKDQROZLWKRXW
GLVWXUELQJ WKH SHOOHW DQG FHQWULIXJHG DW  [ J IRU  PLQ 7KH UHVXOWLQJ VXSHUQDWDQW ZDV
GHFDQWHG$IWHUDILQDODGGLWLRQDOFHQWULIXJDWLRQWKHUHPDLQLQJOLTXLGZDVUHPRYHGE\DVSLUDWLRQ
DQG WKH '1$ SHOOHW GULHG DW URRP WHPSHUDWXUH IRU a PLQ 7KH SHOOHW ZDV WKHQ UHVXVSHQG
RYHUQLJKWLQ/7ULV('7$%XIIHU[7(ZKLFKLVP07ULV+&ODQGP0('7$
DWS+7KHH[WUDFWHG'1$ZDVVWRUHGDWq&XQWLOXVH
T3&5$QDO\VLV
$OO WKH VDPSOHV ZHUH GLOXWHG '1DVH51DVH ZLWK IUHH ZDWHU WR EH REWDLQHG DQ REMHFW
FRQFHQWUDWLRQ RI  QJO RI'1$ ,Q DGGLWLRQ DQ HTXDO DPRXQW RI HYHU\ VDPSOHZDV XVHG WR
IRUPXODWHDSRRO'1$VDPSOHIRUVWDQGDUGFXUYH)URPWKHSRRO'1$DSRLQWVWDQGDUGFXUYH
ZDV DUUDQJHG XVLQJ  GLOXWLRQ DQG WKH REWDLQHG FRQVHFUDWLRQVZHUH     
QJO$WRWDORIORIWKHGLOXWHGVDPSOHDQGVWDQGDUGQJXOZDVDGGHGWRWKH
WKHLU FRUUHVSRQGLQJ ZHOO 0LFUR$PS 2SWLFDO :HOO 5HDFWLRQ 3ODWH HYHU\ VDPSOH DQG
VWDQGDUGZDVUXQLQWULSOLFDWH$PL[FRQWDLQLQJRIO[6<%5*UHHQDQGORI0
IRUZDUGSULPHUZLWKORI0UHYHUVHSULPHULQO'1DVH51DVHIUHHZDWHUZDVDGGHG
WRHDFKZHOOWRDFKLHYHGILQDOYROXPHRIXOIRUHDFKZHOO7KHUHDFWLRQVLVFRPSOHWHGLQDQ$%,
3ULVP+76'6 LQVWUXPHQW XVLQJ WKH IROORZLQJ FRQGLWLRQVZLWK4XDQWD 3HUIHFWD 6<%5
JUHHQPLQDW&F\FOHVRIVHFDW&DQGVHFDW&&RQILUPWKHVSHFLILFLW\RIWKH
ϯϯ

DPSOLFRQVE\WKHGLVVRFLDWLRQSURWRFRO&IRUVSOXV&IRUVDQDO\]HWKHGDWDXVLQJ
WKH+76HTXHQFH'HWHFWLRQ6\VWHPV6RIWZDUHYHUVLRQ$SSOLHG%LRV\VWHPV
6WDWLVWLFDODQDO\VLV
7KH 0,;(' SURFHGXUH RI 6$6 6$6 ,QVWLWXWH ,QF &DU\ 1& 86$ ZDV XVHG IRU
VWDWLVWLFDODQDO\VLVRIPLONSURGXFWLRQ%:%&6PLONFRPSRVLWLRQDQGSHUFHQWDJHRIPLFUREHV
7KH IL[HG HIIHFW LQ WKHPRGHOZDV WLPH GD\ RUZHHN DQG WKH UDQGRP HIIHFWZDV FRZ  7KH
FRYDULDWHVWUXFWXUHXVHGZDV&67KHPHWKRGRI'HQPDQDQG0F6ZHHQH\ZDVXVHGIRU
TXDQWLWDWLYH573&5DQDO\VLVRIWDUJHWPLFUREHV%ULHIO\WKHQXPEHURIF\FOHV&WGXULQJ3&5
IRUHDFKRI WKHPLFUREHVHYDOXDWHGZDVILUVWVXEWUDFWHGIURPWKHJHRPHWULFPHDQRI WKHF\FOHV
REWDLQHGZLWK WKH XQLYHUVDOPLFURELDO SULPHUV '&W 7KH XQLYHUVDO SULPHUV VHUYHG DV LQWHUQDO
UHIHUHQFH EHFDXVH WKHLU DEXQGDQFH LV PXFK JUHDWHU WKDQ VSHFLILF PLFUREHV +HQFH WKH
FRQFHQWUDWLRQ RI WKH WDUJHWPLFUREHVZDV FDOFXODWHG UHODWLYH WR WKH DEXQGDQFH RI WKH XQLYHUVDO
SULPHUV3ULRUWRVWDWLVWLFDODQDO\VLVWKHSHUFHQWDJHRIHDFKPLFUREHWDUJHWZDVFDOFXODWHGDV
'&Wî6XEVHTXHQWO\WKHGDWDZHUHORJWUDQVIRUPHGSULRUWRVWDWLVWLFDODQDO\VLV$OOPHDQV
DPRQJWLPHSRLQWVZHUHFRPSDUHGXVLQJWKH3',))VWDWHPHQWRI6$66$6,QVWLWXWH,QF&DU\
1&86$6LJQLILFDQWGLIIHUHQFHZDVGHFODUHGDW3

 
ϯϰ

5(68/76
5XPLDOEDFWHULDO3RSXODWLRQGXULQJWUDQVLWLRQSHULRGLQ+ROVWHLQFRZV
+ROVWHLQGDLU\ FRZVH[SHULHQFH FKDQJHV LQPLFURELDO SRSXODWLRQVGXULQJ WUDQVLWLRQ LQWR
ODFWDWLRQSHULRG)URPWKHVWXG\RIWKHVHYHQUXPLQDOEDFWHULDOSRSXODWLRQVGXULQJWKHWUDQVLWLRQ
SHULRGWKHGLIIHUHQWEDFWHULDH[SHULHQFHFKDQJHVLQWKHLUSRSXODWLRQV,QPRVWRIWKHVHYHQEDFWHULD
WKHSRSXODWLRQUHPDLQVORZEHIRUHSDUWXULWLRQDQGLQFUHDVHVHVSHFLDOO\GXULQJWKHHDUO\ODFWDWLRQ
SHULRG+RZHYHU LQ WKH WZRFDVHV WKHEDFWHULDOSRSXODWLRQZDVQRWVLJQLILFDQWDVVKRZQLQ WKH
)LJXUH$DQG*
7KHEDFWHULDOSRSXODWLRQRI)LEUREDFWHUVXFFLQRJHQHVGHFUHDVHVIURPGD\SUHSDUWXPWR
WKH WHQWK GD\ SRVWSDUWXP )LJXUH %+RZHYHU LPPHGLDWHO\ DIWHU WK GD\ RI SDUWXULWLRQ WKH
EDFWHULDOSRSXODWLRQ LQFUHDVHV VLJQLILFDQWO\6LPLODUODUSDWWHUQZDVREVHUYHG  IRU $QDHURYLEULR
OLSRO\WLFEDFWHULDZKRVHSRSXODWLRQUDWHUHPDLQVORZEHIRUHSDUWXULWLRQWKDWLVEHWZHHQWR
GD\V)LJXUH&1HYHUWKHOHVVDIWHUSDUWXULWLRQWKHSRSXODWLRQIRUWKHVHEDFWHULDLQFUHDVHGGXULQJ
WKHHDUO\SHULRGVRIODFWDWLRQDQGHYHQWXDOO\VWDUWHGGHFUHDVLQJIURPGD\VRQZDUG+RZHYHU
WKLVLVQRWWKHFDVHIRU0HJDVSKDHUDHOVGHQLOEDFWHULDVLQFHWKHEDFWHULDOSRSXODWLRQUHPDLQVKLJK
ERWK EHIRUH DQG DIWHU SDUWXULWLRQ )LJXUH ' +RZHYHU DIWHU WKH HDUO\ GD\V RI ODFWDWLRQ WKH
EDFWHULD H[SHULHQFHV VOLJKW GHFUHDVHV LQ WKHLU SRSXODWLRQ ,Q DGGLWLRQ WKH EDFWHULDO SRSXODWLRQV
UHPDLQVWDEOHSUHSDUWXP
7KHSRSXODWLRQRI3UHYRWHOODEU\DQWLLEDFWHULDUHPDLQVKLJKWKHGXULQJWKHHQWLUHSHULRG
ERWK EHIRUHDQGDIWHUSDUWXULWLRQ)LJXUH(&RQYHUVHO\ IRU WKH%XW\ULYLEULR3URWHRFODVWLFXV
EDFWHULDWKHEDFWHULDOSRSXODWLRQGHFUHDVHFRQWLQXRXVO\GXULQJWKHHQWLUHVWXG\SHULRG,QJHQHUDO
GXULQJWKHODWHJHVWDWLRQSHULRGPRVWRIWKHUXPLQDOEDFWHULDOSRSXODWLRQVUHPDLQORZHYHQGXULQJ
IDURIIDQGFORVHXSGLHWSHULRGV+RZHYHUGXULQJHDUO\ ODFWDWLRQSHULRG WKH UXPLQDOEDFWHULDO
ϯϱ

SRSXODWLRQ LQFUHDVHV VLJQLILFDQWO\ 7KH LQFUHDVH LQ EDFWHULDO SRSXODWLRQV LV PDLQO\ GXH WR WKH
FKDQJH LQ ODFWDWLRQ GLHW DIWHU FDOYLQJ ,Q DGGLWLRQ WKH REVHUYHG GHFUHDVH LQ UXPLQDO EDFWHULDO
SRSXODWLRQGHFUHDVHLVDVDFRQVHTXHQFHRIDQLQFUHDVHGVWDUFKLQWDNH7KLVUHGXFHVWKHUXPLQDO
EDFWHULDOSRSXODWLRQ

$OWHUDWLRQLQPLONSURGXFWLYLW\LQUHVSRQVHWRFKDQJHUXPLQDOEDFWHULDOSRSXODWLRQ
 7KH WDEOH  GHSLFWV WKH FKDQJHV DQG WKH UHODWLYH ERG\ ZHLJKW %: DOWHUDWLRQV DIWHU
GHOLYHU\DQGWKHLUFRQQHFWLRQWRPLON\LHOGLQ+ROVWHLQFRZV7KHWDEOHDOVRGHSLFWVWKHUHODWLRQVKLS
EHWZHHQWKHDOWHUDWLRQVLQ%:DQGUHSURGXFWLYHSHUIRUPDQFHLQWKHILUVWZHHNVRIODFWDWLRQDQG
WKHODVWZHHNVEHIRUHSDUWXULWLRQ)URPWKHWDEOHDERYHLWLVFOHDUWKDWWKHUHLVDUHODWLYHGHFUHDVH
LQWKHERG\ZHLJKWRIGDLU\FRZVDIWHUGHOLYHU\,QDGGLWLRQWKHDPRXQWRIPLONEHIRUHGHOLYHU\
UHGXFHV DQG LQFUHDVHV WRZDUGV WKH ODVWZHHNVEHIRUHGHOLYHU\$IWHUSDUWXULWLRQ WKHPLON \LHOG
LQFUHDVHVFRQVLGHUDEO\XSWRWKHIRXUWKZHHN7KH+ROVWHLQFRZVSDUWLFXODUO\SURGXFHPRUHPLON
WZRZHHNVDIWHUGHOLYHU\DVLQGLFDWHGLQWKHWDEOHDERYH
7KHPLONFRPSRVLWLRQDOVRGHSLFWVVLJQLILFDQWFKDQJHVLQWKHSKDVHDIWHUSDUWXULWLRQ$IWHU
GHOLYHU\WKHSHUFHQWDJHRIIDWLQPLONUHGXFHVFRQVLGHUDEO\IURPWKHILUVWZHHNRIODFWDWLRQXSWR
WKHIRXUWKZHHN,QDGGLWLRQWKHSHUFHQWDJHRISURWHLQDOVRUHGXFHVQRWWRRPXFKLQWKHILUVWWZR
ZHHNVRIODFWDWLRQEXWKDVDVLJQLILFDQWGHFOLQHLQWKHWKLUGDQGIRXUWKZHHN7KHUHLVDOVRDVOLJKW
GHFOLQHEHWZHHQWKHILUVWDQGIRXUWKZHHNRIODFWDWLRQLQWKHSHUFHQWDJHRIODFWRVHDVZHOODVWKH
081 7KH VRPDWLF FHOO FRXQW 6&& DOVR UHFRUGV D GHFOLQH +RZHYHU WKHUH DUH QR PDMRU
GLIIHUHQFHV LQ WKH VHFRQG DQG WKLUGZHHNV RI ODFWDWLRQ )URP WKH JUDSK DERYH WKH GDLO\PLON
SURGXFWLRQ LQSUHSDUWDO+ROVWHLQ FRZV IOXFWXDWHV VLJQLILFDQWO\7KH IOXFWXDWLRQ LVQRW WRRPXFK
ILIWHHQGD\VSULRUSDUWXULWLRQ+RZHYHUWKHIOXFWXDWLRQLQFUHDVHVDWOHDVWILIWHHQGD\VWRGHOLYHU\
ϯϲ

7KHPLON\LHOGLQFUHDVHVLQSUHSDUDWLRQRIWKHFDOYLQJSHULRGDVZHOODVWKHODFWDWLRQSKDVH7KHVH
FDQDOVRGXHWRFKDQJHVLQGLHW

 
ϯϳ

',6&866,21
%DFWHULD
,QUXPLQDQWDQLPDOVWKHUXPLQDOEDFWHULDOSRSXODWLRQLVH[WUHPHO\UHVSRQVLYHWRFKDQJHV
LQGLHWLQWDNHDJHIHHGLQJVWUXFWXUHDVZHOODVWKHFRQGLWLRQRIWKHKRVWGDLU\DQLPDO3UHSDUWDO
GLHWXVXDOO\KDVWKHFDSDFLW\WRHDVHHQDEOLQJWKHUXPHQPLFUREHVDVZHOODVSDSLOODHWRWKHKLJK
VWDUFKGLHWVDGPLQLVWHUHGGXULQJODFWDWLRQSHULRG7KHWUDQVLWLRQSKDVHIRUGDLU\FRZVZKLFKLV
XVXDOO\WKUHHZHHNVEHIRUHDQGDIWHUFDOYLQJSRVHVJUHDWFKDOOHQJHVWRGDLU\FRZV7KLVLV
EHFDXVHWKHQXWULWLRQDOUHTXLUHPHQWVFKDQJHVLJQLILFDQWO\GXULQJWKLVSHULRGDQGLQPRVWFDVHV
WKHQXWULWLRQDOUHTXLUHPHQWLQFUHDVHVGXULQJWKLVSKDVH7KLVLVXVXDOO\WRPDLQWDLQWKHIHWDO
GHYHORSPHQWDVZHOODVWKHRQVHWRIPLONSURGXFWLRQ%HOO1RQHWKHOHVV'0,PRVWO\
GLPLQLVKHVRQHZHHNSULRUWRSDUWXULWLRQDQGHYHQWXDOO\LQFUHDVHVWRWKUHHZHHNVDIWHUELUWK7KH
UXPLQDOPLFURELDOSRSXODWLRQVDQGHFRV\VWHPLVDFUXFLDODVSHFWWKDWFRQQHFWVGLHWVWRUXPLQDQW
SK\VLRORJ\DVZHOODVSURGXFWLYLW\7KHUHDUHFRQVWDQWFKDQJHVLQWKHUXPLQDOPLFURELDO
SRSXODWLRQVZLWKUHJDUGWRGLHWDU\DOWHUDWLRQVLQGDLU\FRZV%HUJPDQ$QRWHZRUWK\
LQFUHDVHDQGFKDQJHLQGLHWDQGLQWDNHKDVDUHVXOWDQWLQFUHDVHLQWKHSRSXODWLRQRI(XEDFWHULXP
UXPLQDQWLXP+RZHYHULQFUHDVLQJWKHLQWDNHRIGU\PDWWHULQGDLU\FRZVUHVXOWVLQDUHGXFHG
(XEDFWHULXPUXPLQDQWLXPEDFWHULDOSRSXODWLRQ%HUWLFVHWDO+RZHYHU)LEUREDFWHU
VXFFLQRJHQHVDVZHOODVIXQJDOSRSXODWLRQVXVXDOO\LQFUHDVHGXULQJWKHSRVWIHHGLQJSKDVH,Q
DGGLWLRQGXULQJWKHWUDQVLWLRQSHULRGWKHSRSXODWLRQQXPEHUVRIPDMRUSURSLRQDWHSURGXFLQJ
PLFURRUJDQLVPVWKDWLV0HJDVSKDHUDHOVGHQLLDVZHOODV6HOHQRPRQDVUXPLQDQWLXPUHGXFHV
%KDQGDULHWDO
'XULQJWKLVSHULRGJOXFRVHOHYHOVDVZHOODVYRODWLOHIDWW\DFLG9)$GLPLQLVKZKLOHWKH
ODFWLFDFLGOHYHOVLQFUHDVHLQWKHWUDQVLWLRQSHULRG,QWKHWUDQVLWLRQSHULRGGDLU\FRZVXQGHUJRD
ϯϴ

GUDPDWLFFKDQJHIURPSUHJQDQF\WRWKHGHOLYHU\SHULRGDVZHOODVWKHODFWDWLRQSHULRG7KHVH
GUDPDWLFFKDQJHVDUHPDLQO\PHWDEROLFFKDQJHVLQWKHGDLU\FDWWOHZKLFKPLJKWEULQJDERXW
KHDOWKGLVRUGHUVIRULQVWDQFHNHWRVLV$VDUHVXOWWKHWUDQVLWLRQSKDVHLVDFUXFLDOVWDJHWRWKH
KHDOWKSURGXFWLRQDVZHOODVWKHSURILWDELOLW\RIGDLU\FDWWOH7KHVHFKDQJHVFDOOIRUWKHQHHGWR
IXOILOOWKHQXWULWLRQDOQHHGVRIKLJKSURGXFLQJFRZVHVSHFLDOO\GXULQJWKHFDOYLQJSHULRG$IWHU
SDUWXULWLRQVL[ZHHNVLVGHILQHGDVWKHSHULRGIRUXGGHUWLVVXHUHJHQHUDWLRQDVZHOODVUXPHQ
ZDOOUHFUHDWLRQ)LYHZHHNVDIWHUSDUWXULWLRQWKHFRZLVVXSSRVHGWRPDLQWDLQVWDEOHZHLJKWRUWKH
FRZPLJKWFRQWUDFWDPHWDEROLFGLVRUGHU%U\DQW,WLVFUXFLDOWRSUHSDUHSURSHUO\EHIRUH
DQGDIWHUSDUWXULWLRQVRDVWRHQVXUHWKDWWKHGDLU\FRZVDWWDLQWKHEHVWFKDQFHWRPDLQWDLQWKHLU
KLJKHVWJHQHWLFSRWHQWLDO$VDUHVXOWSRVWFDOYLQJQXWULWLRQDOQHHGVGHWHUPLQHZKDWKDSSHQV
$GMXVWLQJWKHUXPHQHFRV\VWHPWKDWLVEDFWHULDOSRSXODWLRQVLQVLGHWKHUXPHQDIWHUJLYLQJELUWK
LVFUXFLDO'XULQJWKLVSHULRGWKHGLHWVXSSOLHGWRWKHFRZLVPDLQO\XVHGIRUUHSDLULQJWKHUXPHQ
DVZHOODVWKHXGGHUWLVVXH'XULQJWKLVSKDVHRIUHVWRUDWLRQDQGUHJHQHUDWLRQRIWKHXGGHUWLVVXH
DQGUXPHQUXPLQDOEDFWHULDSRSXODWLRQVGHFUHDVH7KHEDFWHULDSRSXODWLRQVDOVRFKDQJHLQWKHLU
W\SHTXDQWLWLHV7KHVHSRSXODWLRQVXVXDOO\FKDQJHZLWKUHJDUGWRKLJKILEHUOLPLWHGHQHUJ\DV
ZHOODVSURWHLQGLHW&DOGZHOO7KHUXPHQSDSLOODHWKDWLVWKHDEVRUSWLRQVLWHVDOVRUHGXFH
LQVL]HDQGFDSDELOLW\7KLVH[SODLQVWKHUHVXOWVDERYHDQGWKHGLIIHUHQWIOXFWXDWLRQVLQUXPLQDO
EDFWHULDOSRSXODWLRQVGXHWRWKLVUHJHQHUDWLRQSHULRG,WLVFUXFLDOWKHUHIRUHWRLQWURGXFHIHHGVWR
IRVWHUIHHGVSHFLILFUXPLQDOEDFWHULDSRSXODWLRQVZKLFKFDQLQFUHDVHLQQXPEHUVDIWHUSDUWXULWLRQ
7KHEDFWHULDOPXOWLSOLFDWLRQLQWKHUXPHQLVFUXFLDOLQUHGXFLQJFKDQFHVRIUXPHQXSVHWIRU
LQVWDQFHDFLGRVLV&KDQGOHU7KLVLVEHFDXVHLQWURGXFLQJQHZIHHGVJUDLQRUSDVWXUH
KHOSVLQLQFUHDVLQJUXPHQSDSLOODHDQGKHQFHHQKDQFLQJWKHQXWULHQWXSWDNHFDSDFLW\,WLV
FUXFLDOWRQRWHWKDWPRVWRIWKHGDLU\FRZ¶VQXWULHQWVDEVRUSWLRQLVXVXDOO\DVDUHVXOWRIPLFURELDO
ϯϵ

IHUPHQWDWLRQDVZHOODVPRGLILFDWLRQ7KLVLVDOVRGHSHQGHQWRQZKDWWKHFRZFRQVXPHVEHLW
SDVWXUHRUJUDLQ$VDFRQVHTXHQFHWKHUXPLQDOPLFURELDOSRSXODWLRQVH[LVWLQDQH[WUHPHO\
G\QDPLFHQYLURQPHQWFRQGLWLRQDQGVLJQLILFDQWDOWHUDWLRQVXVXDOO\RFFXUZLWKFKDQJHVLQGLHW
7KHFUXFLDOFKDQJHLQWKHUXPLQDOEDFWHULDSRSXODWLRQDQGIHUPHQWDWLRQSURFHGXUHVRFFXUVLQWKH
UXPHQDQGWKHUHIRUHWKHIHUPHQWDWLRQEHFRPHVFRQVLGHUDEO\G\QDPLF,QDGGLWLRQWKHUHLVD
IXUWKHUGHFUHDVHGUXPLQDOUHWHQWLRQSHULRGRIIHHGDVZHOODVUXPLQDOEDFWHULD)HUPHQWDWLRQ
ZLWKLQWKHUXPHQWUDQVODWHVLQWRLQFUHDVHG9)$SURGXFWLRQDQGDUHGXFHGS+7KHUXPHQLV
XVXDOO\EXIIHUHGDWDS+RIDQGDS+EHORZWUDQVODWHVLQWRDEDGVLWXDWLRQ7KLVLVEHFDXVH
EHORZDS+EHORZUHGXFHVWKHEUHDNGRZQRIILEHU&RH$VDUHVXOWWKHFDSDELOLW\DQG
WKHWLPHUHTXLUHGIRUWKHUXPLQDOEDFWHULDSRSXODWLRQVWRDGMXVWWRWKHVHDOWHUDWLRQVDUH
FRQVHTXHQWO\H[WUHPHO\FULWLFDOIRUWKHGDLU\FRZV&ROH
7KHWUDQVLWLRQSHULRGLVH[WUHPHO\FULWLFDOLQWKHOLIHRIGDLU\FDWWOH7KUHHZHHNVSULRU
FDOYLQJDQGWKUHHZHHNVDIWHUSDUWXULWLRQWKHGDLU\FRZXQGHUJRHVYDULHGKRUPRQDOPHWDEROLFDV
ZHOODVGLHWDU\DOWHUDWLRQVLQSUHSDUDWLRQIRUGHOLYHU\DVZHOODVWKHLPSHQGLQJODFWDWLRQ7KLVLVD
FULWLFDOSKDVHIRUDQ\GDLU\FRZSURGXFWLYLW\DVZHOODVKHDOWK7KHUHIRUHLWLVFUXFLDOWR
DGHTXDWHO\SUHSDUHIRUWKLVSKDVHVRDVWRPDLQWDLQWKHJHQHWLFSRWHQWLDORIGDLU\FDWWOH
0DLQWDLQLQJWKLVSRWHQWLDOFRPHVLQKDQG\LQHQVXULQJSURSHUPLONSURGXFWLRQDQGVXVWDLQLQJWKH
KHDOWKRIWKHFDWWOH7KLVLVEHFDXVHZKHQWKHUXPHQGRHVIXQFWLRQSURSHUO\IHHGGLJHVWLRQLV
UHGXFHGDQGWKHGDLU\FDWWOHDOVREHFRPHVPRUHYXOQHUDEOHWRDYDULHW\RIPHWDEROLFDLOPHQWV
PLONSURGXFWLRQDOVRJRHVGRZQGUDVWLFDOO\$VDUHVXOWUXPHQDGDSWDWLRQHQJDJHVWKHUXPLQDO
PLFURELDOSRSXODWLRQVDVZHOODVUXPHQZDOODQGRWKHUVXSSRUWLQJRUJDQVDQGIXQFWLRQV7KH
GDLU\FRZXVXDOO\KDVUHGXFHGGLHWEHIRUHGHOLYHU\+RZHYHULPPHGLDWHO\DIWHUFDOYLQJWKHGLHW
LVXVXDOO\HQHUJ\GHQVHZLWKOLELWXPWRVXSSO\WKHFRZ¶VHQHUJ\DVZHOODVQXWULWLRQDOQHHGV
ϰϬ

GXULQJWKHODFWDWLRQSURFHVV7KHLQFUHDVHGGU\PDWWHULQWDNHWKHUHIRUHUHGXFHVUXPHQ
IHUPHQWDWLRQDQGKHQFHWKHUHGXFHGUXPLQDOEDFWHULDSRSXODWLRQV1RQHWKHOHVVLWLVLPSRUWDQWWR
QRWHWKDWWKHWUDQVLWLRQSKDVHLVUHODWHGZLWKDUHGXFWLRQLQIHHGLQWDNH'XULQJWKLVSHULRGWKH
HQHUJ\DVZHOODVQXWULWLRQDOQHHGVLVXVXDOO\GRXEOH7KHVORZUHGXFWLRQVLQWKHGDLU\FDWWOH¶
YROXQWDU\'0,VWDUWVDWZHHNVEHIRUHGHOLYHU\DQGLQFUHDVHVGXULQJWKHILQDOGD\VSULRUWR
GHOLYHU\7KLVLVFULWLFDOLQFRXQWHULQJWKHQHJDWLYHHQHUJ\EDODQFHWKHGHILFLHQF\LQJOXFRVHDQG
SURWHLQVDQGWRTXLFNO\VXSSO\WKHUHTXLUHGHQHUJ\DVZHOODVSURGXFWLYLW\$QRWKHULVVXHZLWK
UHJDUGWRWKHUXPHQ¶VFKDQJHVLVWKDWWKHUXPHQPXVWHIIHFWLYHO\DGMXVWWRIXOILOOWKHFRZ¶V
HQHUJ\DQGQXWULWLRQDOQHHGV,QWKHFDVHWKDWWKHGLHWRIDGDLU\FRZLVFKDQJHGDEUXSWO\IURP
KLJKIRUDJHIHHGWRDLQFUHDVHGFRQFHQWUDWHGLHWWKHQWKHUHLVDSRVVLEO\WKDWWKHFDWWOHPLJKW
GHYHORSUXPLQDODFLGRVLVVLQFHWKHODFWDWHSURGXFHUVLQFUHDVHPXFKPRUHTXLFNO\DVFRPSDUHGWR
WKHODFWDWHXVHUV$VDFRQVHTXHQFHODFWDWHDFFXPXODWHVDQGWKHUXPHQS+UHGXFHVVLJQLILFDQWO\
:KHQWKHUXPHQDEVRUSWLRQVLWHVDUHQRWSURSHUO\GHYHORSHGWKH9)$DUHQRWDGHTXDWHO\
DEVRUEHGDQGWKHUHLVDFRQVHTXHQWGURSLQUXPHQS+WKHNLOOLQJRIPDMRULW\RIWKHUXPLQDO
EDFWHULDDQGSURWR]RD7KLVLVUHIHUUHGWRDVVXEDFXWHUXPLQDODFLGRVLV6$5$ZKLFKLVD
PHWDEROLFGLVRUGHUUHODWHGZLWKDUHGXFWLRQLQUXPLQDOS+DVZHOODVUHGXFHG9)$LQWDNH7KHUH
LVDOVRHQGRWR[LQSURGXFWLRQDQGWKLVFDQUHVXOWLQGHFUHDVHVLQIHHGLQWDNHDQGFRQVHTXHQWO\
HQKDQFHWKHXQFRQVWUXFWLYHHQHUJ\EDODQFHRIWKHGDLU\FRZLQWUDQVLWLRQ,QPDNLQJVXUHWKDWWKH
UXPHQSHUIRUPVSURSHUO\DQGLWVPLFURELDOSRSXODWLRQVDQGUXPHQZDOODGMXVWZHOOWRLPSHQGLQJ
ODFWDWLRQSKDVHLWLVFULWLFDOIRUWKHFRZWREHJLYHQDGLHWWKDWLVHDVLO\DQGTXLFNO\IHUPHQWDEOH
7KLVLVPRVWO\URXJKO\WZRZHHNVSULRUWRGHOLYHU\,QDGGLWLRQHIIRUWVVKRXOGEHPDGHWR
HQKDQFHWKHYROXQWDU\DEVRUSWLRQWRSUHYHQWDQ\PHWDEROLFGLVRUGHUVDQGUHODWHGFRQGLWLRQVWKDW
PD\UHGXFHPLONSURGXFWLRQ7KLVPXVWEHLQFRQVLGHUDWLRQRIWKHLQKHUHQWIHHGLQJUHJLPHDQG
ϰϭ

WKHFRPSRQHQWVDVZHOODVWKHIHHG¶VGHJUDGDWLRQSURSHUWLHV7KHPLFURELDOSURFHGXUHVDQGWKH
LQWUDUXPLQDODVSHFWVDOVRFRPHLQKDQG\LQFOXGLQJWKHUXPHQZDOODQGWKHFRZ¶VUHJXODWLRQV
ZLWKUHJDUGWRVDOLYDSURGXFWLRQLQWDNHRI9)$DQGRWKHUQXWULHQWV,QDGGLWLRQWKHIHHGLQJ
WLPHVDQGUHJXODULW\LVDOVRFUXFLDOLQLQIOXHQFLQJWKHUXPLQDOPLFURELDOSRSXODWLRQV&RXQHWWH
HWDO
7KHUXPHQHSLWKHOLXPUHVSRQVHFDSDFLW\LVDOVRFUXFLDOGXULQJWKHWUDQVLWLRQSHULRG7KH
HSLWKHOLXPSOD\VDFUXFLDOUROHLQEXIIHULQJWKHUXPHQGXULQJHDUO\ODFWDWLRQSKDVH5XPHQ
DGDSWDWLRQWRWKHGLHWDU\FKDQJHVHVSHFLDOO\WKHODFWDWLRQGLHWLQYROYHVDOWHUDWLRQVLQHQ]\PH
DFWLYLWLHVDQGDQLQFUHDVHGTXDQWLW\DVZHOODVVL]HRIWKHDEVRUSWLRQURRWVRIWKHUXPHQDVZHOODV
WKHWUDQVSRUWDWLRQVSHHGVRIWKHLRQV7KHUXPHQDEVRUSWLRQURRWVGHYHORSPHQWGXULQJWKH
WUDQVLWLRQSKDVHLVYHU\PXFKUHODWHGWRDJRRG9)$DEVRUSWLRQ7KLVLVEHFDXVHWKHUXPHQ
SDSLOODHVL]HDQGVKDSHHQKDQFHVWKHVXUIDFHDUHDVRDVWRHQKDQFHWKHDEVRUSWLRQRIWKH9)$,W
LVKRZHYHUFUXFLDOWRQRWHWKDWGDLU\FDWWOHKDYHDKLJKFDSDELOLW\WRDGMXVWWKHUXPHQZDOOWRWKH
LQWULQVLFUXPLQDOIHUPHQWDWLRQDVSHFWV'HQPDQQ1RQHWKHOHVVHDUO\IXQFWLRQDO
DGMXVWPHQWRXWVLGHWKHUXPHQHSLWKHOLXPDFWVDVWKHLQLWLDOVWDJHLQWDFNOLQJFKDQJHG
IHUPHQWDWLRQUDWHVDIWHUGLHWDU\FKDQJHV)XQFWLRQDODGDSWDWLRQXVXDOO\RFFXUVZLWKLQDZHHNLQWR
QRYHOGLHWZKLOHVWUXFWXUDODGMXVWPHQWVRFFXUURXJKO\VL[ZHHNVDIWHUSDUWXULWLRQ7KHKHLJKWHQHG
HQHUJ\DVZHOODVSURWHLQDEVRUSWLRQRIWKHGDLU\FRZTXLFNO\OHDGVWRLQFUHDVHGUDWHIRUWUDQVSRUW
RIFUXFLDOERG\PLQHUDOVVXFKDVVRGLXPPDJQHVLXPDVZHOODVFDOFLXP7KHUHLVDOVR
KHLJKWHQHG9)$DEVRUSWLRQDVZHOODVELFDUERQDWHVHFUHWLRQ7KHWUDQVLWLRQDGDSWDWLRQSKDVHKDV
QRWPRUHWKDQWHQGD\VWREULQJDERXWLQFUHDVHG9)$FRQFHQWUDWLRQVLQWKHUXPHQDVDUHVXOWIWKH
HSLWKHOLXP¶VLQDGHTXDWHEXIIHULQJFDSDFLW\)HUQDQGR
ϰϮ

3UHSDUWXPIHHGLVXVXDOO\GLIIHUHQWIURPWKHIHHGVXSSOLHGDIWHUSDUWXULWLRQ7KH
WUDGLWLRQDOPHFKDQLVPRIIHHGLQJGDLU\FDWWOHZLWKKLJKIRUDJHIHHGZKLFKDUHKLJKLQILEHULV
FRPPRQLQWKHSUHSDUWXPSKDVH+RZHYHULWLVFUXFLDOWRQRWHWKDWWKHODFWDWLRQGLHWLQIOXHQFHV
WKHEDFWHULDOSRSXODWLRQLQVLGHWKHUXPHQWKHVL]HDVZHOODVWKHDEVRUSWLYHFDSDFLW\RIWKHUXPHQ
DEVRUSWLRQVLWHV1RQHWKHOHVVWKHUHLVQHHGWRFRQWUROWKHDPRXQWRIIHHGWKHFDWWOHWDNHVLQFHLWLV
SRVVLEOHIRUWKHFDWWOHWRFRQVXPHPRUHHQHUJ\WKDQQHFHVVDU\+LJKHUILEHUIHHGVZKLFKDUHORZ
LQHQHUJ\FDQIRVWHU'0,DIWHUGHOLYHU\DQGUHGXFHH[WUHPHFRPSOLFDWLRQVLQWKHDGLSRVHWLVVXH
7KLVW\SHRIIHHGKHOSVUHGXFHFDVHVRIGLVSODFHGDERPDVXPHQKDQFHGERG\FRQGLWLRQ
UHSURGXFWLYHFDSDFLW\DVZHOODVHQKDQFLQJWKHFRZ¶VIRRWKHDOWK$VGHOLQHDWHGDERYHUXPLQDO
PLFURELDOSRSXODWLRQVRIGDLU\FDWWOHXVXDOO\UHVSRQGWRDOWHUDWLRQVLQGLHWDQGLQWDNHGXULQJWKH
ODFWDWLRQSHULRG7KHVHFKDQJHVLQGLHWDOVRLQIOXHQFHWKHSURWR]RDDQGIXQJLSRSXODWLRQVLQWKH
UXPHQRIGDLU\FDWWOH7KHVHFKDQJHVFDQEHSURSHUO\GHDOWZLWKZLWKDGHTXDWHSUHSDUDWLRQLQWKH
SUHSDUWDOSHULRGDVZHOODVDIWHUGHOLYHU\7KLVSUHSDUDWLRQLVH[WUHPHO\FUXFLDOLQGHDOLQJZLWK
GLHWDU\DGMXVWPHQWV'LIIHUHQWGLHWVFDQEHLQWURGXFHGHDUO\EHIRUHDQGDIWHUSDUWXULWLRQWRDOORZ
IRUWKHDQLPDO¶VV\VWHPWRSUHSDUHIRUDQ\FKDQJHVZLWKUHJDUGWRGHOLYHU\DQGODFWDWLRQ7KLVLV
EHFDXVHWKHVHWZRSKDVHVKDYHGLIIHUHQWHQHUJ\UHTXLUHPHQWVZKLFKPXVWEHSURYLGHGLQRUGHUWR
HQVXUHFRQWLQXHGPLONSURGXFWLRQDQGJRRGKHDOWKRIWKHGDLU\FRZ,QDFDVHZKHUHWKHVHGLHWDU\
UHTXLUHPHQWVIRUWKHGDLU\FRZDUHQRWPHWWKHQWKHUHLVWKHSRVVLELOLW\RIKHDOWKELRORJLFDODQG
PHWDEROLFGLVRUGHUV,WLVDOVRFULWLFDOWRQRWHWKDWWKHIDFWRUVLQIOXHQFLQJWKHFKDQJHVLQUXPLQDO
EDFWHULDSRSXODWLRQVDUHGHSHQGHQWRQDYDULHW\RIIDFWRUV7KHVHIDFWRUVLQFOXGHWKHW\SHRIIHHG
SURYLGHGWRWKHGDLU\FRZWKHIUHTXHQF\DQGWLPHRIIHHGLQJWKHDJHRIWKHFDWWOHWKHSHULRG
EHIRUHDQGDIWHUGHOLYHU\DVZHOODVWKHPDQDJHPHQWRIWKHFRZ¶VGLHWDU\QHHGV7KHDERYH
GLVFXVVLRQUHLQIRUFHVRQWKHIDFWWKDWWKHLQFUHDVHLQEDFWHULDOSRSXODWLRQVLVPDLQO\GXHWRWKH
ϰϯ

FKDQJHLQODFWDWLRQGLHWDIWHUFDOYLQJ2QWKHRWKHUKDQGWKHREVHUYHGGHFUHDVHLQUXPLQDO
EDFWHULDOSRSXODWLRQLVDVDFRQVHTXHQFHRIDQLQFUHDVHGVWDUFKLQWDNHZKLFKUHGXFHVWKHUXPLQDO
EDFWHULDOSRSXODWLRQV*RDG*RWWVFKDON*UXPPHU+HQQLQJHWDO+LQR
HWDO+XQJDWH.HQWHWDO.KDILSRUHWDO0DURXQHNHWDO
0RH1LVEHW5H\QROGVHWDO6K\X6WHZDUWHWDO7DMLPD
9DUJD;X'HQPDQ
&21&/86,216
7KHWUDQVLWLRQSKDVHLVDYHU\FUXFLDOSHULRGLQWKHOLIHDGDLU\FRZ,WLVDSKDVH
DFFRPSDQLHGE\PDQ\FKDQJHVLQFOXGLQJKHDOWKELRORJLFDOSK\VLFDODVZHOODVPHWDEROLF
FKDQJHV,WLVFUXFLDOWRHQVXUHWKDWGDLU\FDWWOHDGDSWWRWKHPHWDEROLFFKDQJHVWKDWRFFXUGXULQJ
WKLVSKDVHVRDVWRUHGXFHWKHLUYXOQHUDELOLW\WRLQIHFWLRXVDLOPHQWVDQGPHWDEROLFGLVRUGHUV
7KHVHFKDQJHVDOVRKDYHDVLJQLILFDQWLQIOXHQFHRQWKHUXPLQDOEDFWHULDSRSXODWLRQVZKLFKPXVW
EHWDNHQLQWRFRQVLGHUDWLRQJLYHQWKHLPSRUWDQFHRIWKHUXPLQDOEDFWHULDLQWKHGLJHVWLRQ
SURFHVVHVRIGDLU\FDWWOH7KLVLVEHFDXVHVRRQDIWHUFDOYLQJWKHUHLVUHSDLURIWKHUXPHQDVZHOO
DVWKHXGGHUWLVVXH$VDUHVXOWUXPLQDOEDFWHULDSRSXODWLRQUHGXFHVGXHWRWKHKLJKILEHUORZ
HQHUJ\DQGSURWHLQGLHW7KHUXPHQDEVRUSWLRQVLWHVDOVRUHGXFHLQVL]HDQGFDSDELOLW\7KLVLV
EHFDXVHPRUHHQHUJ\DQGQXWULHQWVDUHXWLOL]HGLQWKHUHJHQHUDWLRQRIWLVVXHVWKDQLQWKH
IHUPHQWDWLRQSURFHVVUHODWHGZLWKIHHGEUHDNGRZQ7KHGLHWDU\FKDQJHVIRUWKHGDLU\FDWWOHDUH
WKHPDMRUDVSHFWVEHKLQGWKHDOWHUDWLRQVLQUXPLQDOEDFWHULDSRSXODWLRQVLQVLGHWKHUXPHQ$VD
UHVXOWWKHIHHGLQJVWUDWHJLHVDQGSUHSDUDWLRQDUHFUXFLDOLQIRVWHULQJEHWWHUPDQDJHPHQWRIGDLU\
FDWWOHDQGLQSUHYHQWLQJWKHFRPSOLFDWLRQVWKDWFRPHZLWKWKHWUDQVLWLRQSHULRG&RPSUHKHQGLQJ
WKHDVSHFWVWKDWDIIHFWWKHFRPSRVLWLRQRIWKHUXPLQDOEDFWHULDOSRSXODWLRQVRIWKHGLJHVWLYHWUDFWV
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
RIGDLU\FDWWOHLVDOVRFUXFLDOLQFRQWUROOLQJWKHVHSRSXODWLRQVWRIRVWHUDQGHQKDQFHDQLPDO
SHUIRUPDQFHDQGSURGXFWLYLW\
0LON
7KHUHDUHDORWRIFKDQJHVLQWKHPLON\LHOGLQ+ROVWHLQFRZVHVSHFLDOO\GXULQJWKH
WUDQVLWLRQSHULRG7KLVLVDWWULEXWHGWRWKHLQWDNHDQGGLHWDU\FKDQJHVWKDWDFFRPSDQ\WKLVSKDVH
'XULQJWKHWUDQVLWLRQSHULRGWKDWLVODWHJHVWDWLRQDQGHDUO\ODFWDWLRQSHULRGGDLU\FDWWOH
WUDQVLWLRQIURPIHHGVWKDWDUHKLJKLQIRUDJHEXWORZLQHQHUJ\WRIHHGVWKDWDUHKLJKLQHQHUJ\EXW
ORZLQIRUDJH7KLVDIIHFWVWKHERG\ZHLJKWDQGWKHPLONSURGXFWLRQRIWKHGDLU\FDWWOH7KHPLON
\LHOGRIGDLU\FDWWOHUHOLHVRQDYDULHW\RIIDFWRUV7KHVHIDFWRUVLQFOXGHJHQHWLFDELOLW\WKH
IHHGLQJUHJLPHKHUGPDQDJHPHQWDVZHOODVWKHKHDOWKRIWKHGDLU\FDWWOH$VWKHGDLU\FDWWOH
FRQWLQXHWRDGYDQFHJHQHWLFDOO\WKHQXWULWLRQDVZHOODVWKHPDQDJHPHQWRIWKHFDWWOHPXVWDOVR
EHLPSURYHGWRDOORZWKHFDWWOHWRSURGXFHDGHTXDWHO\WRWKHLUJHQHWLFSRWHQWLDO$JRRGIHHGLQJ
UHJLPHFRQVLGHUVWKHTXDQWLW\RIIHHGWKHDSSURSULDWHQHVVRIWKHIHHGDQGWKHIUHTXHQF\DQGRI
WKHIHHGLQJ'XULQJWKHODFWDWLRQSHULRGGDLU\FDWWOHDUHIHGRQ'0,,QWDNHRIKXJHDPRXQWVRI
'0,LVFUXFLDOLQLQFUHDVLQJPLONSURGXFWLRQDQGIRVWHULQJHIIHFWLYHPLONSURGXFWLRQ3URSHU
VHOHFWLRQRIIHHGVLVFUXFLDOLQHQVXULQJPD[LPXPQXWULHQWLQWDNH7KLVLVEHFDXVHDOOWKH
QHFHVVDU\QXWULHQWVIRUGDLU\FDWWOHIRUSURGXFWLRQRIPLONDUHSUHVHQWLQWKH'0,H[FHSWZDWHU
$VDUHVXOWWKH'0,ZKLFKLVXVXDOO\DGPLQLVWHUHGDIWHUSDUWXULWLRQOHDGVLQWRLQFUHDVHGQXWULHQW
LQWDNHDVZHOODVKLJKPLON\LHOG7KLVLVDVUHFRUGHGLQWKHPLONWDEOHZKHUHLVDUHFRUGHG
LQFUHDVHLQPLON\LHOGDIWHUSDUWXULWLRQ,WLVDOVRFUXFLDOWRQRWHIURPWKHJUDSKWKDWWKHPLON
SURGXFWLRQVOLJKWO\LQFUHDVHVGXULQJWKHODWHJHVWDWLRQSHULRGXSWRWKHHDUO\ODFWDWLRQSHULRG
+RZHYHUPD[LPXP'0,PXVWEHFRPSOHPHQWHGZLWKFRQVWDQWDFFHVVWRFOHDQIUHVKDVZHOODV
FRROZDWHUV7KHPLONSURGXFWLRQOHYHOVXVXDOO\ULVHDWDSSUR[LPDWHO\WKUHHZHHNVDIWHUGHOLYHU\
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
+RZHYHUPLONSURGXFWLRQGHFUHDVHVDWDURXQGRQH\HDUDIWHUFDOYLQJXQWLOWKHPLONSURGXFWLRQ
FHDVHVWRWKHGU\RIISHULRG
0LONFRPSRQHQWVDUHXVXDOO\DQLQGLFDWRURIDGDLU\FRZ¶VKHDWKDVZHOODVQXWULWLRQ,Q
PDQ\FDVHVIDWDQGSURWHLQFRPSRQHQWYDOXHVLQPLONDUHSRVLWLYHO\OLQNHGLQVLGHDSRSXODWLRQRI
GDLU\FRZV1RQHWKHOHVVLWLVFUXFLDOWRQRWHWKDWGLYHUJHQWEUHHGVRIGDLU\FRZVKDYHGLIIHUHQW
PLONFRPSRQHQWV+ROVWHLQGDLU\FDWWOHXVXDOO\KDYHWKHORZHVWIDWDVZHOODVSURWHLQFRQWHQWDV
GHSLFWHGLQWKHPLONWDEOHDERYH+RZHYHUWKHVHFDWWOHSURGXFHDORWRIPLONDQGWKHUHIRUHWKH\
KDYHDKLJKHUWRWDOSURGXFWLRQRIIDWDQGSURWHLQFRPSDUHGWRRWKHUEUHHGVVXFKDV-HUVH\7KHUH
DUHYDULHGIDFWRUVWKDWDIIHFWWKHPLONFRPSRVLWLRQRI+ROVWHLQGDLU\FDWWOH7KHGHFOLQLQJPLON
FRPSRVLWLRQDVSUHVHQWHGDERYHFRXOGEHOLQNHGWRDVSHFWVWRGRZLWKQXWULWLRQIHHGLQJUHJLPH
UXPHQKHDOWKDVZHOODVERG\FRQGLWLRQ2WKHUIDFWRUVPLJKWLQFOXGHWKHPDQDJHPHQWRIIHHGV
HQHUJ\DQGSURWHLQLPSDFWVDVZHOODVFRQFHQWUDWHLQWDNHDQGIRUDJHOHYHOVLQWKHGLHW+RZHYHU
RIDOOWKHVHIDFWRUVQXWULWLRQDQGWKHIHHGLQJUHJLPHKDYHWKHJUHDWHVWLPSDFW,QDGGLWLRQWKH
PDQDJHPHQWVWUXFWXUHFDQTXLFNO\DQGGUDVWLFDOO\FKDQJHWKHSURGXFWLRQRIPLONSURWHLQDVZHOO
DVIDW$UHGXFWLRQLQPLONIDWXVXDOO\UHGXFHVEHWZHHQVHYHQDQGWZHQW\RQHVRIDOWHULQJWKH
GDLU\FDWWOHGLHW7KHFKDQJHVLQPLONSURWHLQXVXDOO\RFFXULIWKLVVLWXDWLRQKDVEHHQJRLQJRQIRU
DORQJZKLOH$GGLWLRQDOO\QXWULWLRQDVZHOODVUDWLRQIRUPXODWLRQDOWHUDWLRQLVYHU\VWURQJO\
OLQNHGWRPLONIDWYDOXHWKDQPLONSURWHLQ&RQVHTXHQWO\WKHGHFOLQHLQPLONSURWHLQDQGIDW
FRPSRQHQWDQGIDWFRPSRQHQWFDQEHOLQNHGWRWKHQXWULWLRQDQGWKHIHHGLQJUHJLPHRIWKH
+ROVWHLQFDWWOH
7KHPLONFRPSRQHQWVHPDQDWHIURPGLJHVWLRQRIILEHUZLWKLQWKHUXPHQ7KHUXPHQ
UXPLQDOPLFUREHSRSXODWLRQVXVXDOO\FRQYHUWSURWHLQLQWKHFRZV¶GLHWLQWRPLFURELDOSURWHLQ
ZKLFKLVDFUXFLDOVRXUFHRIHVVHQWLDODPLQRDFLGVIRUWKHGDLU\FDWWOH7KHUHVXOWDQWDPLQRDFLGV
ϰϲ

DUHXWLOL]HGE\WKHPDPPDU\JODQGVWREUHDNGRZQPLONSURWHLQV7KHUHIRUHWKHVXSSO\DQG
DPRXQWRIDPLQRDFLGVLQIOXHQFHWKHDPRXQWRISURWHLQFRPSRQHQWVDYDLODEOHLQWKHFRZPLON,Q
DGGLWLRQWKHIHHGLQJPDQDJHPHQWDIIHFWVWKHSURGXFWLRQRIPLONGXHWRWKHGLYHUJHQWGLHWDU\
UHTXLUHPHQWVRIGDLU\FDWWOHLQWKHSUHSDUWDODQGSRVWSDUWDOSHULRGV,IWKHULJKWGLHWDU\QHHGVDQG
LQWDNHDUHQRWSURYLGHGHVSHFLDOO\EHIRUHDQGDIWHUSDUWXULWLRQWKHQWKHPLON\LHOGUHGXFHV
VLJQLILFDQWO\7KHDPRXQWDQGW\SHRIIHHGSURYLGHIRUODFWDWLQJDQLPDOVVKRXOGEHDGHTXDWHIRU
WKHRQJRLQJERG\UHSDLUVUXPHQUHJHQHUDWLRQDQGUHSDLURIWKHXGGHUWLVVXHDVZHOODVWKH
FRZ¶VGDLO\GLHWDU\QHHGV7KHQXWULHQWVLQWKHIHHGVKRXOGEHDGHTXDWHLQVXSSO\LQJWKHFRZ
ZLWKHQHUJ\DQGDWWKHVDPHWLPHSURGXFLQJHQRXJKPLONIRUWKHFDOI$SRRUIHHGLQJUHJLPHDQG
PDQDJHPHQWRIWHQUHVXOWVLQDGHFUHDVHLQPLON\LHOGV7KHKHDOWKFRQGLWLRQRIDFRZDOVR
LQIOXHQFHVPLONSURGXFWLRQ*RRGKHDOWKFRQGLWLRQLVFUXFLDOLQDOORZLQJGDLU\FRZVWRSURGXFH
HQRXJKPLONDQGHQVXULQJWKDWWKHERG\DOVRVWRUHVVXIILFLHQWQXWULHQWVWRIRVWHUPLON\LHOGV7KLV
LVEHFDXVHLIWKHFRZ¶VERG\VWRUHVDUHOLPLWHGPLONSURGXFWLRQDQGWKHPLONFRPSRQHQWVDUH
DOVRDIIHFWHG+RZHYHUGLVSURSRUWLRQDWHERG\FRQGLWLRQPD\UHVXOWLQKLJKFKDQFHVRIPHWDEROLF
TXDQGDULHV7KHORVVRIFDWWOHZHLJKWGXULQJHDUO\ODFWDWLRQSHULRGFDQDOVRSOD\DFULWLFDOUROHLQ
LQFUHDVLQJSURWHLQFRPSRQHQWLQPLON
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